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US& UNITED STATES ENVIRONMENTAL PROTECTION AGENCY

REGION VI
1201 ELM STREET

DALLAS. TEXAS 7327O

I'I October 23, 1985
S. Michael Tymiak, P.E.
Manager* Previous ly Operated Properties
Environmental ResourcesKoppers Company Inc.
1940 Koppers Building436 Seventh AvenuePittsburgh PA 15219
Re: Xoppers South Cavalcade site
Dear Mr. Tymiak:
The SPA has reviewed and approved Koppers' Sampling and Analytical
Plan (SAP) for the South Cavalcade s i t e , Kopper'tt cover letterdated October 9, 1985. EPA approval is contingent upon the
following changes to the SAP* These changes are the result ofa Mutual agreement between EPA and Koppers as discussed byMr. Cochran and Mr. Campbell in their telephone conversation of
October 23, 1985 .

1) Trip Blanks - When sampling surface water, surface sedimentand groundwater* (Sections 2 .5 , 3.5 and 5 *6) one trip blank
shall be "collected* per media per day. If surface waterand surface sediment samples are collected on the same day,
then one trip blank shall suffice for-both media. Tripblanks shall be analyzed for Volatile Organics only.i2) Field Blenks - Field blanks for soil analysis (Section 4.5)are dropped from the sampling schedule* Per page 17 of theItesEJLs finite is tfc£ CfiQ££§ci Lafeststsnt ecsacaa* October1984, soil blanks will not be collected in the field.

3) Analysis of Duplicate Soil Samples - The footnote (a) under
Section 4.5 shall be deleted and the 36 (or correspondinglyappropriate number of) duplicate samples referenced in
Section 4.5 shall be tested using the Total Petroleum Hydro-carbons surrogate methodology. Further* an additional 10%
of the samples specified for full scale laboratory analysis(Section 4 *6 ) shall also be analyzed as duplicates using themethodologies specified in Section 4 .6 . The samples analyzedin duplicate under the surrogate program need not be thesame samples that are analyzed by full laboratory methodology

00
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4) Dri l l ing Methodology * The full scale drill rig soil samples
(Section 4 .2 > shall be collected using dry hollow stem augertechniques. The Monitoring veils shall also be installed
using dry hollow stem auger techniques (Section 5 .3 ) .

5) Sample Bottles for Archived Samples - The sample bottles forthe archived soil samples must be detergent washed and heat
dried. Detergent washed bottles are adequate because; a>archived samples will be compromised anyway because of the
holding t imes * b) possible contaminants from the detergent
wash are different from the possible site contaminants* and
c> archiving the samples is above and beyond the call of
duty and this extra effort need not be unduly burdensome.

Should you have any questions please contact Mr. Cochran at
( 2 14 > -767-9763 .
Sincerely yours.

O
O

o
O

-'Larry Wright
/ Chie f , Superfund Enforcement

cc: C. Faulds, TWO
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1 .0 INTRODUCTION

1 .1 Background

A remedial investigation of the former Koppers/South Calvalcade
Street site is being conducted to characterize the nature and extent
of contamination of soils, grounduater, and surface water and its
threat to human health and the environment. The information collected
during the remedial investigation will be used in a feasibility study
to identify, evaluate and select the most cost effective remedial
alternative.

I
I

IIIIIIIII

The Field Sampling and Analytical Plan for Koppers/South Cavalcade
site details the sampling and analytical requirements and procedures
for performing the RI/FS. The following field activities are
addressed in th is plan:

(I ) Surface water characterization
(2) Surface sediment characterization
(3) Subsurface soil chracterization
(4) Shallow aquifer groundwater investigation
(5) fee per aquifer groundwater investigation
(6) Nonsoil materials investigation
(7) Air quality investigation
(8) Geophysical surveying

For each field activity, this plan addresses the following topics,
where applicable:

O

O
O

sampl ing frequencies
sampl ing locations
sampling methodology
sample containers and preservatives
field analyses
sample identification/number ing

1-1
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1.2 Site Description and History

The South Cavalcade site is currently bounded by the Houston Belt
Terminal Railroad tracks to the east, Cavalcade Road to the north,
Missouri Pacific railroad tracks to the west, and Collingsworth Road
to the south (see Figure 1-1). The site currently consists of
approximately 55 acres on a parcel of land I 1/2 miles south west of
the intersection between Loop 610 and U.S . Route 59 (Eastex Freeway).

The majority of the site area was formerly used to treat wood
products with creosote and other wood preservative products. From
191 1 to 1939 the plant was operated by the National Lumber and
Creosoting Company. This operation consisted of a production facility
on the south central portion of the site and "dripping" and drying
areas toward the center and northern areas of the site. Koppers
company purchased the operation in 1940 and constructed a coal tar
distillation facility in the southeast corner of the site. Numerous
ponds, tanks, and lagoons existed on the site. In 1962, Koppers
closed the operation, removed all plant buildings and covered the s ite
with soil. Currently, three palletized trucking firms and a leasing
company are located within the site boundary. In the early 1980' s the
Harris County Metropolitan Transit Authority became interested in the
site for use as a combined railyard, shop and station for a proposed
light rail system.

r-o

oo

A routine geotechnical investigation revealed several localized
areas to be contaminated with creosote waste products. A subsequent
contaminant survey performed by Camp Dresser and McKee , Inc. (COM)
indicated the presence of soil and shallow groundwater contaminants
including polynuclear aromatic hydrocarbons (PAH), light aromatics,
phenolics, and heavy metals. Many of these chemical components of the
coal tar and creosote oil contamination are recognized as toxic and/or
potential carcinogens. In 1983, the site was handed over to the US
EPA and placed on the National Priority List (NPL).

001907
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2.0 SURFACE WATER CHARACTERIZATION

Surface water samples will be collected from drainage ditches in
order to obtain information on the quality of surface water runoff
leaving the site.

2.1 Sampling Frequency

Runoff shall be sampled twice during the field sampling program.
For each sampling round two samples shall be taken at each location
when runoff begins. One sample shall contain only water ( i . e . , no
sediment or surface f i lm), the other sample shall include surface film
if present. If no surface film exists, omit the sample.

2. 2 Sampling Locations

Tentative surface water sampling loations are shown in Figure 2-1
and consist of the following:

o SCK-SW-01: The drainage ditch and catchment basins north and
east of Meridian Fast Motor Freight tine?; one location

o SCK-SW-02; SCK-SW-03: The drainage ditch on the east side of
the site adjacent to the Houston Belt and Terminal railroad
lines; two locations

o SCK-SW*-04: The drainage ditch adjacent to the Missouri
Pacific Railroad lines at the southwest corner of the site
where the ditch passes beneath Coll ingsworth Street ; One
location.

Additional sampling locations may be chosen after the site survey
has been performed.

O
O

Oo

llll
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2.3 Sampling Methdology

A pond or dip sampler shall be used for sampling surface waters.
The sampler consists of a container attached to the end of a
telescopic pole by a clamp. Samples will be collected in a jar or
beaker made of stainless steel, glass or non-reactive plastic.
Preferably a disposable beaker will be used which can be disposed of
after each sampling station. The water sample will then be poured
into the prelabeled sample containers. If it is necessary to wade
into the water to take samples, the sampling technician shall be
careful not to disturb bottom sediments, and to wait until sediment
settles before taking the sample. The sample will be taken mid-depth
in mid-channel if flow is significant.

The specified field blank will consist of two sets of laboratory
cleaned sample containers. One sec of containers is empty and will
serve as the sample containers that will be analyzed. The second set
of containers are filled at the laboratory with laboratory
demonstrated analvte free water. At the field location, this analyte
free water is then passed through laboratory cleaned sample equipment
arid placed in the emptv set of sample containers for analysis.

The standard operating Procedure outlining surface-water sampling
techniques (SOP 7120) is included in Appendix 1. Field sampling
equipment will he decontaminated between samples in accordance with
SOP 7600 (Appendix XI ) . All decontamination wash waters will be
collected, containerized, and stored in accordance with RCRA
regulations (no permit required) per 40 CFK Part 265, Subpart 1
(Appendix lit). The Health and Safety Plan for this investigation
details health and safety procedures for surface water sampling.

2)4 Sample Containers and Preservatives

Specified Analysis
Volatile Organics

Container Volume Preservative

O
O

1 VOA vials, 2x40 ml. Cool 4oc,
Teflon-lined protect from
caps light

2-3
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Specified Analysis Container Volume Preservative

I

iii

Acid/Base/Neutral
Fraction Mix

Priority Pollutant
Metals and Iron
Total Cyanide

Total Petroleum
Hydrocarbons

1 glass 1 L.
bottle, Teflon
lined cap
Cubitainer

Cubitainer

Class Jar

1 L.

1 L.

1 L.

Cool 4°c,
protect from
light
HN03 to pH 2
or less
Cool 4°c, NaOH
to pH 12 or
greater
Cool 40c

Packaging, marking, and shipping of samples is addressed in
Section 4.7 of the Quality Assurance/Quality Control Plan for this
investigation* Chain of custody procedures for surface water samples
are addressed in Section 4.5 of the Quality Assurance/Quality Control
Plan for this investigation.

2.5 Sample Identification/Numbering

A comprehensive listing of sample numbers for the surface water
samples is shown on Table 2-1 , and may be summarized by the following:

Total samples: surface water samples
duplicates
field blanks

16
2

20

CM

O
O

iiii

One field blank will be collected and analyzed for each day of
surface water sampling.

For each sample taken during the course of the field
investigation, a coding system will be used to identify various
information concerning each sample. The sample numbers listed in
Table 2-1, and analogous tables in Sections 3 through 7, consist of
the following components:

(1) Project identification - a three letter designation used to
identify the site where the sample is being taken. For
example, SCK will be used to designate the Koppers South
Calvalcade site.

__________________________2=4_______________________
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TABLE 2-1

SAMPLE IDENTIFICATION NUMBERS FOR SURFACE
WATER SAMPLES COLLECTED AT THE SOUTH CAVALCADE STREET SITE

Sample Location
Code

SCK-SW-01

SCK-SW-02

SCK-SW-03

SCK-SW-04

Duplicate** 1 '

Field Blank (c)

Sample Number

SCK-SWOl-OOl
SCK-SWOl-002
SCK-SW01-003
SCK-SW01-004

SCK-SW02-001
SCK-SW02-002
SCK-SW02-003
SCK-SW02-004

SCK-SW03-001
SCK-SW03-002
SCK-SW03-003
SCK-SW03-004

SCK-SW04-001
SCK-SW04-002
!JCK-SW04-Q03
SCK-SW04-Q04

SCK-SW05-001
SCK-SW06-001
SCK-SW07-001
SCK-SWO8-001

Oo

(a) See Figure 2-1 for locations of surface water sampling points.
(b) The location of two duplicate samples are to be selected in the

field. Duplicates will be selected for two different sample
locations.

(c) Field blanks are to be collected from two locations selected in
the field.

2-5
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(2) Sample type and location - a two or three letter designation
following the project identification code. The sample types
and corresponding codes for this investigation consist of the
following:

SW - Surface water samples
SD - Surface Sediment samples
SLxxA - Subsurface soil samples collected during observation

well installation, where "xx" is the observation well
location number

SL - Subsurface soil samples
OW - Ground water observation well samples
AR - Air samples

A two digit designation indicating the sample location will
be used following the sample type code

(3) Sample number - a three digit code will be used to
consecutively number samples taken for each sample type.

For example, SCK - OWOl-002 designates the South Calvalcade
s ite, shallow groundwater sample taken £rom observation well
number 1, the second sample from that well.

During each sampling investigation one duplicate sample is to be
collected for every 10 samples collected for use in evaluating the
analytical precision of the characterization methods. The duplicate
samples collected during the sampling investigation are to be selected
randomly from different sample locations. Because the duplicate
samples are to be selected at random, the two digit sample location
code has been assigned an arbitrary code number. This number, while
not identified on sample location maps in this plan, will correspond
to one of the already designated sample locations. Field sample logs
and field notebooks will identify this sample as being a duplicate and
will document its corresponding location. This will eliminate any
potential laboratory bias resulting from the sample labelling scheme.

oo

001914



i
I

II

1

In addition to the duplicate samples collected, field blanks (one
per media per day) are also to be prepared during the investigation
for each sample set ( i .e . , surface water samples, surface sediment
samples, etc.) The field blanks should be prepared at different
locations selected at random. As with the duplicate samples, the two
digit sample location code used in the sample identification number
has been assigned an arbitrary code number. This number, while not
identified on the sampling location maps in this plan, will correspond
to one of the already designated sample locations. Field sample logs
and field notebooks will identify this sample as being a field blank
and will document its corresponding location. This will eliminate any
potential laboratory bias resulting from the sample labelling scheme.

2.6 Field Analyses

The following field analyses shall be performed and noted on the
water quality field data sheet or similar form shown on the last page
of the surface water sampling standard operating procedure:

Ana_lvses Method NO.
PH
Temperature
Conductivity
Dissolved Oxygen
Flow

2.7 Laboratory Analyses

150,
170 ,
1 20 . 1
3 6 0 . 1 / 3 6 0 . 2
(a)

For each sampling round, the following laboratory analyses shall be
performed:

1 )
2)
3)
4)
5)
6)
7)

Laboratory Analysis3

Volatile Organics; Library search**
Acid Fraction; Library search0

Base/Neutral Fraction; Library search'
Priority Pollutant Metals
Cyanide
Iron
Total Petroleum Hydrocarbons*

Method tio_

624
625
625
200 .2
335
236
418 . 1

LT\
v_
O

O
o

(a) See Appendix IV for description of method.

__________________________2-1_______
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For the second round of surface water samples, the field analyses will
be conducted as previously noted with the following modifications for
laboratory water sample analyses:

1) Volatile Organics; Library search" — Select one-third of
samples

2) Iron — Consult with EPA for approval to drop this analysis

^Analyses of the samples containing the surface film will be for Total
Petroleum Hydrocarbons only. Fluorescence spectrophotometry will be
used for this analysis.

vO

Notes

All laboratory analyses are to be performed by a qualified and
experienced laboratory maintaining an active Quality Assurance
Program Plan.
The library search is to identify up to 10 compounds with
concentrations greater than 10 percent of internal standards.
The library search is to identify up to 20 compounds from the acid
and base/neutral fractions with concentrations in excess of 10
percent of internal standards.

oo

Deliverables —

iiii

1) Results from field analyses
2) Results of the laboratory analyses
3) Completed ehain-of-custody forms
4) Memorandum describing field activities including

documentation of sample collection and handling techniques.

Contingency — If the first round does not indicate contamination of
the surface runoff from the site, the number and locations of the
second round samples and the analyses performed will be the same as
the first round. If contamination of the surface water is detected in
either round, Koppers and the EPA will determine whether additional
sampling will be required.

001916
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2.8 Proposed Sampling Team

The following personnel are designated
sampling activity:

Field Coordinator - to be designated
Field Health and Safety Off i cer - to be

Field Technicians - to be designated

for the surface water

oo

-2-9-
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3.0 SURFACE SEDIMENT CHARACTERIZATION

Surface sediment samples will be collected and analyzed from
drainage ditches and catchment basins on or adjacent to the South
Cavalcade Street site.

3.1 Samp 1 jjTg^JFrequency

Samples will be collected twice (two rounds) during the field
sampling program. Samples will be taken during each surface water
sampling round when "first flush" samples are taken (see Section 2 . 1 ) .

3.2 Sampling Locations

Tentative surface sediment sampling locations are described below
and indicated in Figure 3-1 .

1) In the drainage ditch and catchment basins north and east of
Meridian Fast Motor Freight Lines; one sample location.
(SCK-SD-01) .

2) In the drainage ditch on the east side of the site adjacent
to the Houston Belt Terminal railroad lines: two sampling
localities. (SCK-SD-02; SCK-SD-03).

3) In the drainage ditch adjacent to the Missouri Pacific
Railroad lines at the southwest corner of the site.
(SCK-SD-04).

(Additional samples mav be collected from other low-lying areas or
drainage courses where no runoff is encountered during sampling of
surface water.)

3.3 Sampling Methodology

CO

O
O

I
The standard operating procedure SOP 7140 included in Appendix V,

outlines methods for lake and stream bottom sediment sampling. For
sediment sampling at the South Cavalcade Street site, a shovel

3-1
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or trowel (depending upon the depth of the ditch during
-he, than . dredge wlu be U8ed. fcu ̂  ̂
sample log sheet which .in be completed for each sample taken. Also,
for the purposes of establishing background surface sediment
characterisation, an off-site surface sediment sample (as shown in

3-1) uiU be collected per 8ampling

Health and Safety Plan for this investigation details health
and safety procedures for surface sediment sampling.
3-4 Sa-°Ple Containers and

Specified Analvsia
Volatile Organics

Priority Pollutant
Metals and Iron,
Cyanide, Arsenic
Ac id/Base/Neutral
Fraction Mix

Partic le Size Analysis

Container
Two VGA vials
Teflon-lined
caps
1 wide mouth
glass jar

1 wide-mouth
glass bottle
Teflon-lined
cap

Wide-mouth
jar

"plume
2 x 40 ml

8 oz.

8 oz.

Preservative
Cool 4°c,
protect from
Hghf.
Hone

O
CM
O
T—
O
O

32 oz

Cool
protect from
light

None

Packaging, marking, and shipping of samples is addressed in
Section 4.7 of the Quality Assurance/Quality Control Plan for this
investigation. Chain of custody procedures for sediment samples are
addressed in Section 4.5 of the Quality Assurance/Quality Control Plan
for this investigation.

-3-3
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3.5 Sample Identification/Numbering

A comprehensive listing of sample identification numbers that will
be used for the proposed surface sediment: samples is shown on Table
3-1, and is summarized as follows:

Total Samples: Sediment Samples 8 j
Duplicates 2 I
Field blanks 2"Refer to Section 2.5 for a detailed description of the sample v" 1

CM 1identification and numbering system. 1

3.6 Laboratory Analyses O 10 IThe surface sediment samples will be evaluated for the following •
Blaboratory analyses: •

|Laboratory Analysis3 Method No.

1) Volatile Organics; Library search"
2^ Acid Fraction; Library search0

3) Base /Neutral Fraction; Library searchc

4) Priority Pollutant Metals ̂  plus Iron5) Cyanide
6) Arsenic
7) Size Analysis

8240 I
8250 p8250 m
6010 •
9010 •
7060/7061 •
ASTM D-0422 •

II
IIIIII

Complete analyses, as described above, will be performed on the first
round of sediment samples. For the second round of sediment samples,
the following modifications will be implemented:

ofo Volatile Organics; Library search^ -
samples

- I- wlll be deleted ,__ the secQnd round upQn EpA ̂ ^^^

3-4
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a All laboratory analyses are to be performed by a qualified and
experienced laboratory maintaining an active Quality Assurance
Program Plan.

k The library search is to identify up to 10 compounds with
concentrations greater than 10 percent of internal standards.

c The library search is to identify up to 20 compounds from the acid
and base/neutral fractions with concentrations greater than 10
percent of internal standards.

° EPA Method 6010 cannot be used for mercury analysis. Method No.
7471 (Manual Cold-Vapor Technique) will be used.

Deliverables —

1) Results of the laboratory analyses
2) Completed chain-of-custody forms
3) Memorandum describing field activities including

documentation of sample collection and handling techniques

Contingency — Should extensive or severe levels of contamination be
found in the surface sediments on or adjacent to the site, or should
the results from the two rounds of surface sediment sampling be in
conf l i c t„ additional sampling shall be required to resolve the
contradiction and, if necessary, to ascertain the sources of the
contamination. In addition, should sampling and analyses of the
shallow groundwater beneath and adjacent to the site reveal the
movement of contaminants to nearby drainage ditches and bayous, then
the sampling of surface sediments in those drainage ditches and bayous
shall be required. Furthermore, if the analytical results indicate
the presence of penf.achlorophenol at concentrations greater than 1000
Dpm, further field investigations should cease immediately, and the
scope of work reevaluated and revised.

CM
OJ
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I 3.7 Proposed Sampling Team

The following personnel are designated for the surface sediment
campling activity:

Field Coordinator - to be designated
Field Health and Safety Officer - to be designated
Field Technician(s) - to be designated

3-5
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NUMBERS

Sample Location
-. Code Number <a)

SCK-SD-01

IIIIIIII

TABLE 3-

SAMPLE IDENTIFICATI

THE SOUTH CAVALCADE STREET SITE

SCK-SD-02

SCK-SD-03

SCK-SD-04

SCK-SD-05

Blank ( c )

SCK-SDOl-001
SCK-SDOl-002

SCK-SD02-001
SCK-SD02-002

SCK-SD03-001
SCK-SD03-002

SCK-SDQ4-001
SCK-SDQ4-002

SCK-SDO5-001
SCK-SD05-002

SCK-SD06-001
SCK-SD07-001

SCK-SD08-000
SCK-SD09-001

CM
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4.0 SUBSURFACE SOIL CHARACTERIZATION

Subsurface soil samples are to be taken to characterize the degree
of contamination of subsurface soils on the South Cavalcade Street
site and the physical properties of the soil materials.

4. 1 Sampling Locations^

The following locations (area shown in Figure 4-1) have been
tentatively defined for subsurface soil sampling* They may be
modified based upon geophysical survey results, previous geotechnical
and soil analytical data, and/or where the presence of permanent
structures impede boring: CM

l) Area 1 — In the vicinity of a lagoon identified in the
northern part of the site. One borehole shall be advanced in
the center of the suspected lagoon, a minimum of four
boreholes shall be advanced around the indicated margins of
the lagoon to better define its dimension and to ascertain
the lateral and vertical extent of contamination.

oo

lllllil

2) Area 2 — In the vicinity of a circular areas to the
southeast of the suspected lagoon, where some non-soil
material is visible and little plant life occurs. One
borehole shall be advanced in the center of the circular area
a minimum of three boreholes shall be advanced outside of the
circular area to better define the lateral and vertical
extent of any contamination associated with this area.

3) Area 3 — In the vicinity of CAV-OW-14, a shallow observation
well on the east side of the tract in which overt
contamination was noted during installation. A minimum of
three borings shall be advanced in this area to ascertain the
nature and the extent of the contamination. Some borings may
need to be advanced outside of the site boundary along the H.
B. & T. Railroad tracks.

4-1
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Approximate location of
off-site soil boring
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Figure 4-1
PROPOSED SUBSURFACE BORING AREAS
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4) Area 4 — In an area where treated lumber was commonly
stored. A minimum of six borings shall be advanced in this
area to ascertain the nature and extent of contamination.

5) Area 5 — Beneath and around an old concrete loading dock
that handled products from the tar refining plant. A minimum
of five boreholes shall be advanced to ascertain whether
spillage or leakage associated with the loading dock has
contaminated the soils in the area.

6) Area 6 — In the vicinity of two former spray ponds that were
associated with the tar refining plant. Old plant drawings
suggest that the ponds were constructed with concrete and
measured 40' x 50* x 4 . 5 ' and 36 .7 ' x 53 . 5 ' x 4 . 5 ' .
Examination of 1944 aerial photography, however, suggests
that the pond to the south was of earthen construction, at
least at that time. A minimum of six boreholes shall be
advanced to ascertain whether leakage associated with the
former ponds has contaminated the underlying soils and to
define the extent of potential contamination. Two of the
boreholes shall be advanced within the area that the ponds
once occupied; the remaining boreholes should be outside the
former pond area.

CM

O
O

7) Area 7 — In the vicinity of the tanks and the main portion
of the tar refinery on the east side of the site. At least
one boring shall be advanced where each of the tanks (5 ) ,
once stood or where overt contamination might be detected
immediately outside of the footprints of the tanks, five
additional borings should be advanced within the immediately
adjacent to the footprint of the former tar processing plant

8) Area 8 —* In the vicinity of the southeast corner of the
site. No analyses were performed on samples previously
collected from this area, thus, further sampling is
necessary. A minimum of two boreholes shall be advanced in
this area, one of which may be offsite.

001926
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9) Area 9 — In an area in which treated lumber was apparently
commonly stored. A minimum oC six borings shall be advanced
in the area of determine the nature and extent of
contamination.

10) Area 10 — In the vicinity of the four large storage tanks
that once occupied this area. One borehole shall be advanced
where each of the tanks once stood or where overt
contamination might be detected immediately outside of the
tank footprint. Up to eight additional borings shall be
advanced to ascertain the lateral and vertical extent of
contamination that might have emanated from the tanks*

11) Area 11 — In the vicinity of the old retort and the storage
tanks that were once located in the southern part of the
site. A rectangular sampling area that encompasses the
locations of these former facilities should be established.
Four borings shall be advanced at the corners of the sampling
area; two should be advanced within the rectangular area.

12) Area 12 —• In the vicinity of an old cooling pond identified
on a 1951 drawing of the wood treating and preserving
facility. A minimum of three boreholes shall be advanced on
the east, west, and south sides of the former pond to discern
signs of any contamination that might be related to the
former cooling pond and to determine the lateral and vertical
extent of contamination.

13) Area 13 — Within and immediately adj rent to a former
structure labeled on the 1951 plan ot the facility as
"Treated Lumber Shed, Earthern Floors" A minimum of four
borings shall be advanced within an immediately adjacent to
the footprint of this structure» but outside of any existing
structures on the site, to discern signs of contamination, if
any, and to determine its extent.

<M

oo
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14) Area 14 — In the vicinity of the southwest corner of the
site where overt contamination has been detected at the
ground surface and in the groundwater in observation well
CAV-OW-10. A minimum of four boreholes shall be excavated to
determine the nature and extent of contamination detected in
this area; two of these borings may be off-site.

15) Area 15 — Along the drip tracks associated with the original
creosoting plant and including the area in which treated
lumber appears to have been stored. A minimum of four
boreholes shall be advanced to ascertain the extent of
contamination. If any, one of the borings should be outside
of the indicated area of contamination.

16) In addition, a minimum of ten boreholes shall be advanced in
the remaining areas of the site to ascertain whether
additional areas of the site might be contaminated. In
generalj the boreholes should be advanced to allow relatively
even coverage of the site. Specific localities should be
se lected, however, in response to:

Information obtained from the review of Koppers Company
files and interviews with current and former employees.
Further information obtained from the interpretation of
historic aerial photographs*
Indications of soil contamination obtained during the
geophvsical investigation of the site.
Evidence of overt contamination found in performing
surface water, sediment and the subsurface sampling; or
Any other indications of contamination at the site.

17) Area 17 — Off-site soil boring. Tentatively located along
western edge of property, between Maury Street and railroad
line. May be moved based on results of geophysical survey.

CO
OJ
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ft. 2 Sampling Methodology

Previously specified locations will first be investigated with a
portable power auger in order to ascertain limit of soil contamination
and to guide in the placement of subsurface borings. All samples from
the power auger borings shall be visually described, and on the
average, one sample from each boring shall be tested for the following;

o zinc, chromium, copper, arsenic fwith a portable x-ray
fluorescence machine or equivalent]

o total hydrocarbon with an HNu Photoionigation Analyzer

Standard operating procedures for the HNu photoionization analyzer
(SOP 7315) is presented in Appendix VI.

Following the preliminary subsurface soil investigation with the
portable power auger, continuous borehole samples shall be obtained
with a drill rig using a thin-walled tube or split spoon samples. In
addition, off-site soil samples shall be taken and analyzed. (Refer
to Figure 4-1 for the location of the off-site soil boring). The
Standard Operating Procedure (SOP 7 1 1 5 ) for subsurface soil sampling
using a split spoon is included in Appendix VII. Field equipment will
be decontaminated between borings in accordance with SOP 7600
(Appendix II). All decontamination wash waters will be collected,
containerized, and stored in accordance with RCRA regulations (no
permit required) oer 40 CFR Part 265 , Subpart I (Appendix III),

When samples are removed from the ground, they shall be checksd
for emissions of volatile organics using the HNu. After the sample is
open, it shall again be checked for volatile organic emissions. The
disturbed ends of the sample will be trimmed, then the sample will be
described (soil boring log on the last page of subsurface soil
sampling SOp 71 15 ) , sectioned and bottled for further analyses or
storage. All non-analvzed samples shall be archived through the
remedial design phase.

CM
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The boreholes are to be advanced to a minimum depth of five feet
below the base ot the shallow aquifer or until there is no overt
contamination detected either visually, with the olfractory senses, or
with field testing equipment. Approximately one half of the boreholes
at any one sampling locality should be advanced to a minimum depth of
50 feet . All non-sample materials removed from the boreholes shall be
collected, containerized, and stored in compliance with RCRA
regulations (see attached Federal Regulations 40 CFR, Part 265,
Subpart I; Appendix III) prior to proper disposal. No permit is
needed for storage of the non-sample materials. The boreholes shall
be grouted back to the surface with non-shrink bentonite-cement mix as
the augers are withdrawn from the hole.

The Health and Safety Plan for this investigation details health
and safety procedures for subsurface soil sampling-

4. 3 Screening Analyses of Drill Rig Samples

All samples shall be screened visually, with the olfactory senses ,
and with an HNu instrument as previously described. In addition,
after the sample has been placed in a bottle for storage or further
testing , a head space analysis shall be performed with the HNu.
Prior to analyzing the head space in each sample container, the soil
samples are to be held for a period of 4 hours or longer at a
temperature of approximately 20°C to provide a consta.it set of
testing conditions. Selected samples shall be further screene- by
surrogate analysis for zinc, copper, lead, chromiumj and arsenic using
a portable X*-ray fluorescence machine, or the equivalent. Ab a
minimum, this shall include samples from each distinct soils material
encountered in the borehole; approximately four samples per boring on
the average* These selected samples shall also be analyzed in the
laboratory for total petroleum hydrocarbons using a modified EPA
method 3540/418. 1 (fluorescence spectrophotometer), or equivalent.

O

O
O
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4.4 Sample Containers and Preservatives
Specified Analysis

Iron, Chromium, Copper,
Zinc, Arsenic, Lead

Petroleum Hydrocarbons

Cyanide

Acid /Base /Neutral
Fraction Mix

Packaging, marking,

Containers Volume
1 wide-mouth glass 8 oz.
jar, Teflon-lined
or plastic cap
1 wide-mouth glass I L
jar

1 wide-mouth glass 8 02.
jar, Teflon-lined
cap
1 wide-mouth 8 oa.
glass jar,
Teflon-lined cap

Preservative
None

Cool 4°C,
protect from
light
Cool 4°C

Cool 4°C, s~
protect from ,.,-,
light

and shipping of samples is addressed in *"*
Section 4.7 of the Qual i ty Assurance/Quality Control plan
investigation. Chain of
addressed in Sect ion 4.5
for this investigation.

for this °O jcustody procedures for soil samples are
of the Quality Assurance/Quality Control Plan

Ill11I1III

4. 5 Sample Identi f ication/Numbering

A comprehensive listing of sample numbers for the subsurface soil
samples is shown on Table 4-1 and is summarized by the following;

Total Samples: Soil Samples 360
Duplicates^ 36
Field Blank<1>) (b)
Total

(a) Thirty-six total duplicate samples will be collected. As only
a limited number of the total samples will be laboratory analyzed,
only a limited number of the duplicates (10% of the number of
samples sent for laboratory analysis), will be laboratory
analayzed.

(b) One field blank will be collected for each day of subsurface
soil sampling. As the number of sampling days are unknown and
only A limited number of the total samples will be laboratory
analyzed, only a limited number of the total field blanks will be
laboratory analyzed.
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Refer to Section 2.5 of thia plan for a detailed doncription of
the sample identification and numbering system.

4,6 Laboratory Analyses

Of those samples selected for the surrogate analysis as mentioned
in the Section 4.3 (Field Analyses), thirty samples or fifteen percent
(whichever is greater) shall be analyzed for the following:3

1) Acid and Base/Neutral Fraction Mix
(Capillary GC/MS; Method No. 8 2 7 0 ) ;
Library Search"

2) Metals; iron, zinc, copper, chromium, lead, (Method NO. 6010)
arsenic (Method No. 7060/7061)

3) Cyanide, (Method No. 9010)

CM

Oo

i Notes

i

All laboratory analyses are to be performed by a qualified and
experienced laboratory maintaining an active Quality Assurance
Program Plan.
The library search is to identify up to 20 compounds with
concentrations greater than 10 percent of internal standards.

4-9
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TABLE 4-1

SAMPLE IDENTIFICATION NUMBERS FOR SUBSURFACE SOIL
SAMPLES COLLECTED AT THE SOUTH CAVALCADE STREST SITE

Sample Location
Area Number (a) Code Number^)

1 SCK-SL-01

I
I
II
[ I
[I
I

SCK-SL-02

SCK-SL-03

SCK-SL-04

SCK-SL-Q5

SOC-SL-06

Sample
Identification Number

SCK-SLO1-001
SCK-SL01-002
SOC-SL01-003
SCK-SL01-004
SCK-SL02-001
SCK-SL02-002
SCR-SL02-003
SCK-SLO 2-00 4
SCK-SLO3-001
SCK-SLO 3-002
SCK-SLO3-003
SCK-SL03-004
SCK-SL04-001
SCK-SL04-002
SCK-SL04-003
SOC-SL04-004
SCK-SL05-001
SCK-SL05-002
SCK-SL05-003
SCK-SL05-004

SCX-SL06-001
SCK-SL06-002
SCK-SL06-003
SCK-SL06-004

Oo

I
II
II
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Area Number(a)

TABLE 4-1 (Cont 'd )

Sample Location
Code Number<b>

SCK-SL-07

SCK-SL-08

SCK-SL-09

SCK-SL-10

SCK-SL-11

SCK-SL-12

Sample
Identification Number

SCK-SL07-001
SCK-SL07-002
SOC-SL07-003
SCK-SL07-004

SCK-SL08-002
SCK-SL08-Q03
S rX-SL08-004
SCK-SL09-001
SCK-SL09-002
SCK-SL09-003
SCK-SL09-004
SCK-SL10-001
SCK-SL10-002
SCK-SL10-003
SCK-SL10-004
SCK-SL11-001
SCK-SLlt-002
SCK-SL11-003
SCK-SL11-004

SOC-SL12-001
SCK-SL12-002
SCK-SL12-003
SCK-SL12-004

oo
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Area Number^ >

TABLE 4-1 (ContM)

Sample Location
Code Numbertb)

SCK-SL-13

SCK-SL-14

SOC-SL-15

SOC-SL-16

SCK-SL-17

SOC-SL-18

SCK.-SL-19

Sampl e
Identification Number

SCK-SL13-001
SCK-SL13-003
SCK-SL13-004
SOC-SL14-001
SCK-SL14-002
SCK-SL14-003
SCK-SL14-004
SCK-SL15-001
SCK-SL15-002
SCK-SL15-003
SCK-SL15-004
SCK-SL16-001
SCK-SL16-002
SCK-SL16-003
SCK-SL16-004
SCK-SL17-001
SCK-SL17-002
SCK-SL17-003
SCK-SL17-004
SCK-SL18-001
SCK-SL18-002
SCK-SL18-003
SCK-CL18-004

SCK-S LI 9-001
SCK-SL19-002
SCK-SL19-003
SCK-SL19-004

in
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TABLE 4-1 (ContM)

Area NumberU) Sample Location
Code Number^
SCK-SL-20

SCK-SL-21

SCK-SL-22

SCX-SL-23

SCK-SL-24

SOC-SL-25

SCK-SL-26

Sample
Identification Number

SCK-SL20-001
SCK-SL20-002
SCK-SL 20-00 3
SCK-SL20-004
SGK-SL21-001
SCK-SL21-002
SCK-SL21-003
SCK-SL21-004
SCK-SL22-001
SCK-SL22-002
SCK-SL 22-00 3
SCK-SL22-004
SCK-SL 23-001
SCK-SL23-002
SCK-SL23-003
SCK-SL23-004
SCK-SL24-001
SCK-SL24-OC2
SCK-SL24-003
SCK-SL24-004
SCK-SL25-001
SCK-SL25-002
SCK-SL25-003
SCK-SL25-004
SCK-SL26-001
SCK-SL26-002
SCK-SL26-003
SCK-SL26-004

O
O
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TABLE 4-1 (CoutM)

Area Number(a)
Sample Location
Code Number<b)

SOC-SL-27

SCK-SL-28

SCK-SL-29

SCK-SL-30

SCK-SL-3L

SCK-SL-32

SCK-SL-33

Sample
Identification Number

SCK-SL27-001
SCK-SL2 7-002
SCK-SL27-003
SCK-SL27-004
SCK-SL28-001
SCK-SL28-002
SCK-SL28-003
SCK-SL28-004
SCK-SL29-001
SCK-SL29-002
SCK-SL29-003
SCK-SL2 9-004
SCK-SL 30-001
SCK-SL30-002
SCK-SL30-003
SCK-SL30-004
SCK-SL31-001
SCK-SL31-002
SCK-SL31-003
SCK-SL31-004
SCK-SL32-001
SCK-SL32-002
SCK-SL32-003
SCK-SL32-004
SCK-SL33-001
SCK-SL33-002
SCK-SL33-003
SCK-SL33-004

r-
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Area Number^3'

TABLE 4-1 (Cont'd)

Sample Location
Code

SCK-SL-34

SCK-SL-35

SCK-SL-36

SCK-SL-37

SCK-SL-38

SCK-SL-39

SCK-SL-40

Sample
Identification Number

SCK-SL34-001
SCK-SL34-002
SOC-SL34-003
SCK-SL34-004
SCK-SL35-001
SCK-SL35-002
SCX-SL35-003
SOC-SL35-004

SOC-SL36-001
SCK-SL36-002
SCK-SL36-003
SCK-SL36-004
SOC-SL3 7-001
SCK-SL37-002
SCK-SL37-003
SCK-SL3 7-004
SCK-SL38-001
SCK-SL38-002
SCK-SL38-003
SCIC-SL38-004
SCK-SL39-001
SCK-SL39-002
SCK-SL39-003
SCK-SL39-004
SCK-SL40-001
SCK-SL40-002
SCK-SL 40-00 3
SCK-SL40-004

CO
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ll TABLE 4-1 (Cont'd)

IfllIfll
Area Number(fl)

Sample Location
Code

SCK-SL-41

SCK-SL-42

SCK-SL-43

SCK-SL-44

SCK-SL-45

SCK-SL-46

SCK-SL-47

Sample
Identification Number

SCK-SL41-001
SCK-SL41-002
SCK-SL41-003
SCK-SL41-004
SCK-SL42-001
SCK-SL42-002
SCK-SL42-003
SCK-SL42-004

SCK-SL43-001
SCK-SL43-002
SCK-SL43-003
SCK-SL43-004
SCK-SL44-001
SCK-SL44-002
SCK-SL44-003
SCK-SL44-004

SCK-SL45-001
SCK-SL45-002
SCK-SL45-003
SCK-SL45-004
SCK-SL46-001
SCK-SL46-002
SCK-SL46-003
SCK-SL46-004
SCK-SL47-001
SCK-SL47-002
SCK-SL47-003
SCK-SL47-004

Oo
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TABLE 4-1 (ContM)

Sample Location Sample
Area Number (a) Code Number <b) Td*»n tif irafi on Ni,mh*r

10 SCK-SL-48 SCK-SL4&-001
SCK-SL48-002
SCX-SL48-003
SOC-SL48-004

SOC-^L-49 SCK-SL4 9-001
SCK-SL4 9-002
SCK -SL4 9-003
SCK-SL49-004

SOC-SL-50 SOC-SL50-001
SC3C-SL5O-002
SCK-SL50-003
SCK-SL50-004

SCK-SL-51 SCK-SL51-001
SCK-SL51-002
SCK-SL51-003
SCK-SL51-004

SOC-SL-52

SOC-SL-53

SCK-SL-54

SCK-SL52-001
SCK-SL52-002
SCK-SL52-003
SCX-SL52-004

SCK-SL53-001
SCK-SL53-002
SCK-SL53-003
SCK-SL53-004
SCK-SL54-001
SCK-SL54-OQ2
SCK-SL54-003
SCK-SL54-004

O
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11 Area Number (a)

• 10I

TABLE 4-1 (ContM)

Sample Location Sample
Code Number^"' Identification Number

SCK-SL-55 SCK-SL55-001
SCK-SL55-002
SCK-SL 55-003
SCK-SL 55-004

III< lII
I

SCK-SL- 56

SCK-SL- 57

SCK-SL-58

SCK-SL-59

SCK-SL-60

SCK-SL-61

SCK-SL 56-001
SCK-SL56-002
SCK-SL 56-003

SCK-SL 57-001
SCK-SL57-002
SCK-SL 57-003
SCK-SL57-004
SCK-SL 58-001
SCK-SL58-002
SCK-SL 58-003
SCK-SL58-004
SCK-SL5 9-001
SCK-SL59-002
SCK-SL59-003
SCK-SLS9-004
SCK-SL60-001
SCK-SL60-002
SCK-SL60-003
SCK-SL60-004
SCK-SL61-001
SCK-SL61-002
SCK-SL61-003
SCK-SL61-004

O
O

I
II
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TABLE 4-1 (Cont 'd )

Area Number'a'
Sample Location
Code Number

Sample
Identification Number

11 SOC-SL-62

12

SCX-SL-63

SOC-SL-64

SGK-SL-65

SCK-SL-66

SCK-SL-67

SOC-SL-68

SCK-SL62-001
SCK-SL62-002
SCK-SL62-003
8CK*SL62-004
SCK-SL63-001
SCK-SL63-002
SCK-SL63-003
SCK-SL63-004
SCK-SL64-001
SCK-SL64-002
SCK-SL64-003
SCK-SL64-004
SCK-SL65-001
SOC-SL6 5-002
SCK-SL65-003
SCK-SL65-004
SCK-SL66-001
SCK-SL66-002
SCK-SL66-003
SCK-SL66-004

SOC-SL67-001
SCK-SL67-002
SCK-SL67-003
SCK-SL67-004

SCK-SL68-001
SCK-SL68-002
SCK-SL68-003
SCK-SL68-004

oo
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TABLE 4-1 (Cont 'd )

Area Number(a)

13

Sample Location
Code Number**5 *

SCK-SL-69

SOC-SL-70

SCK-SL-71

SCK-SL-72

SCK-SL-73

SCK-SL-74

t SCK-SL-75

Sample
Identification Number

SCK-SL69-001
SCK-SL69-002
SCK-SL69-003
SCK-SL69-004
SCK-SL70-001
SOC-SL70-002
SCK-SL70-003
SCK-SL70-004
SCK-SL71-001
SCK-SL71-002
SCK-SI.71-003
SCK-SL71-004
SCK-SL 72-001
SCK-SL72-002
SCK-SL 72-003
SOC-SL 72-004
SCK-SL73-001
SCK-SL73-002
SCK-SL73-003
SCK-SL73-004

SCK-SL74-001
SCK-SL74-002
SCK-SL74-003
SCK-SL74-004
SCK-SL75-001
SCK-SL75-002
SCK-SL75-003
SCK-SL75-004

a
•r-
oo
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TABLE 4-1 (Cont 'd)

iIiiii
iiiiiii

Area Number'a'

14

Sample Location
Code

SCK-SL-76

15 SQC-SL-77

SCK-SL-78

SCK-SL-79

SCK-SL-80

16 SCK-SL-81

SCK-SL-82

Sample
Identification Number

SCK-SL76-001
SCK-SL76-Q02
SCK-SL 76-00 3
SCK-SL76-004
SCK-SL77-001
SCK-SL77-002
SCK-SL77-003
SCK-SL77-004
SOC-SL78-001
SCK-SL78-002
SCK-SL78-003
SCK-SL 78-004
SCK-SL79-001
SCK-SL79-002
SCK-SL 79-003
SCK-SL79-004
SCK-SL80-001
SCK-SL80-002
SCK-SL80-003
SOC-SL80-004
SCK-SL81-001
SCK-SL81-002
SCK-SL81-003
SCK-SL81-004
SOC-SL82-001
SCK-SL82'002
SCK-SL 82-003
SQC-SL82-004

O
O
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Are, NumberU)

16

TABLE 4-1 (Cont 'd )

Sample Location
Code Nuraber(b)

SOC-SL-83

SCX-SL-84

SCK-SL-85

SOC-SL-86

SCK-SL-87

SCK-SL-88

SCX-SL-89

Sample
Identification Number

SCK-SL83-001
SCK-SL83-002
SOC-SL 83-003
SOC-SL83-004
SCK-SL 84-001
SCK-SL84-OC2
SCK-SL 84-003
SCK-SLS4-004
SCK-SL8 5-001
SCK-SL85-002
SOC-SL85-003
SCK-SL85-004
SCK-SL8 6-001
SCK-SL86-002
SCK-SL86-003
SCK-SL86-004
SCK-SL87-001
SCK-SL8 7-002
SCK-SL87-003
SCK-SL87-004
SCK-SL88-001
SCK-SL88-002
SCK-SL88-003
SCK-SL88-004
SCK-SL 89-001
SCK-SL89-002
SCK-SL 89-00 3
SCK-SL89-004

in
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TABLE 4-1 (Cont'd)

Area Number
16

(a) Sample Location
Code Number***'

SCK-SL-90

Duplicate^
Field Blank^)

Sample
Identification Number

SCK-SL90-001
SCK-SL90-002
SCK-SL90-P03
SCK-SL90-004

SCK-SL91-001
through SCK-SL106-001

SCK-SLxxx-0000through SCK-SLxxx-OOl(e)

(a) See Figure 4-1 for locations of subsurface soil sample area
numbers*

(b) The sample location code numbers will be assigned to a specif ic
field location when exact locations, within each area number, are
selected.

(c ) The locations of the thirty-six duplicate samples are to be
selected in the field. Duplicates will be selected for thirty-six
different sample locations.

(d) Field blanks are to be collected for each day of subsurface soil
sampling, from different locations selected in the field,

(e) As the exact number of sampling days are unknown, the "xxx 1 will
be filled in with consecutive numbers following 107.

O
O
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These samples shall be fully representative of the contaminated and
uncontaminated soils encountered on the site. Finally, should highly
contaminated soils be encountered in Area 1 or elsewhere on the site,
up to 3 samples per area shall be subjected to laboratory analyses of
the following parameters:

Laboratory Analysis3

1) Volatile Organics; Library search*5

2) Acid Fraction; Library search0

3) Bases/Neutral Fraction; Library search0

4) Priority Pollutant Metals^ plus Iron
5) Cyanide
6) Arsenic

Notes

Method No.

8240
8250
8250
6010
9010
7060/7061

r--

oo
a All laboratory analvses are to be performed by a qualified and

experienced laboratory maintaining an active Quality Assurance
Program Plan.

° The library search is to identify up to 10 compounds with
concentrations greater than 10 percent of internal standards.

c The library search to identify up to 20 compounds from the acids
and bases/neutrals fractions with concentrations greater than 10
percent of internal standards.
EPA Method 6010 cannot be used for mercury analysis. Method No.
7471 (Manual Cold-Vapor Technique) will be used.

Data collected from previous geotechnical testing will be used
whenever possible, with EPA approval. If additional testing is deemed
necessary, a selected number of samples (up to 6, or approximately 1
per 10 acres) that have no apparent contamination may be tested to
ascertain their phvsical parameters in sufficient detail for
engineering design purposes. Uncontarainated soils for physical
parameter analyses ave defined as those soil samples which show no
sign of visual contamination or detectable organic vapor as measured
by HNu field testing, Geotechnical tests that may be performed to
supplement past testing data include:

4-24
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Geotechnical Analyses

Natural moisture content (ASTM D-2216)
Unit dry weight
Atterberg limits (ASTM D-0423, ASTM D-0424, ASTM D-0427)
Passing 200 mesh sieve
Unconfined compressive strength (cohesive soils)
Vertical permeability (clays or silty clays) (ASTM D-2434)^

(a) Method D-2434 is for sandy soils only. Currently, ASTM has no
final, approved method for cohesive soils.

Deliverables *—

I)

2)
3)
4)
5)
6)

(unmed s°ucounts > an

boreholes)
Results of HNu head space readings
Results of surrogate analyses
Results of the laboratory analyses
Results of the geotechnical analyses
Copies of the field notes Af n,D • •notes of the supervLsing geologists orengineer.

Contingency — Should extensive or severe contamination of the
subsurface soils on the site be indicated, but not adequately
characterized by the above described subsurface investigation program,
additional soil analyses, boreholes or trenches may be required. The
required additional borings or trenches may be onsite or off-site* If
the results of these analyses indicate the presence of
pentachlorophenol at concentrations greater than 1000 ppu, further
field investigations should cease immediately and the scope of work
reevaluated and revised.

4.7 Proposed Sampling Team

The following personnel are designated for the subsurface soils
sampling activity:

GO
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Field Coordinator - to be designated
Field Health and Safety Officer - to be designated
Drilling Subcontractor - to be designated

To ensure the drilling subcontractor is qualified to perform and
accurately document the drilling activities, the subcontractor will be
selected based on general subcontractor procurement criteria detailed
in Section 4,2 of the Quality Assurance/Quality Control Plan for this
investigation. Specifically, the experience of the drilling
subcontractor will be evaluated based on:

(1) Number, size and degree of difficulty of past projects
(2) Project experience within the state of Texas
(3) Review of experience and accreditations of proposed field

personnel (supervising geologist).
Oo

001949



'I'I'I'I'1If'III'I'I"1'1
II

5.0 SHALLOW AQUIFER GROUNDWATER INVESTIGATION

Groundwater samples shall be collected in order to obtain
information on the hydrology and water quality of shallow groundwater
beneath and adjacent to the South Cavalcade Street site. An auxiliary
purpose of collecting groundwater samples is to obtain additional
information on the subsurface soils on the site.

5.1 Water Leve^Jieasur^ejfnerit and Sampli.ns Freqaeticy

Measurement of water levels (see Section 4.0 of SOP 7130; Appendix
VIII) in the fourteen new observation wells and the eight existing
observation wells shall be made no sooner than one week nor more than
one month after installation of the new wells. Thereafter, water
levels in all observation wells shall be measured at least quarterly
for a period of one year and whenever samples are taken for water
quality analyses. In addition, water levels shall be measured on a
frequent basis (dailv to weekly) following at least one period of
wetter than normal weather to detect whether individual recharge
events directly influence water levels in the shallow aquifer. To the
extent possible, whenever water level measurements are made, all
measurements shall be completed on the same day. Field equipment will
be decontaminated between measurements in accordance with SOP 7600
(Appendix II).

The groundwater in all 14 newly installed on-site and off-site
observation wells and 8 existing onsite observation wells shall be
sampled for chemical analyses approximately four weeks after the new
wells have been installed and again approximately three months later.
Three to ten casing volumes shall be purged from each wellj using a
bailer, peristaltic pump, or other appropriate means, prior to
removing the sample of record. Water produced during the purging
operation shall be collected, containerized, and stored in accordance
with RCRA (40 CFR Part 265 , Subpart I; Appendix III) prior to proper
disposal. No permit is needed for storage of the water. Should an
observation well fail to yield the required quantity of water during
pursing, the well should be bailed or pumped dry and the sample
obtained as soon as there is sufficient water in the well for

O
LT\
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the reauired sample volume. If the analytical results are consistent,
two rounds of sampling shall be deemed sufficient. If inconsistencies
develop, a third sampling round may be required.

5.2 Sampling^ Locations

Eight pre-existing observation wells and fourteen new observation
wells shall he sampled and monitored. Well locations for the
twenty-two wells are shown in Figure 5-1. The existing wells are
noted on the map with a "A" and have location numbers beginning with
"CAV-OW", whereas new well locations are noted with a "•" and begin
with "SCK-OW". The location of the new wells shall be surveyed to the
nearest 0 .01 foot. The ground surface at the well and exposed casing
stick UP shall be surveyed to the nearest 0.1 foot, and a permanent
mark affixed to the casing for subsequent consistent measurement of
water levels. Locations for the fourteen new installations were
selected based on available hydrologic and water quality data for the
shallow aquifer. The wells are intended to better define the
configuration of the water table in the shallow aquifer and to
document the extent of groundwater contamination beneath the South
Cavalcade Street Site and its migration from the s ite- Alternate
localities mav be selected based on:

Information obtained from review of Koppers Company files and
interviews with current and former employees.
Further information obtained from the interpretation of
historic aerial photographs.
The geophysical investigation,
Other indications of contamination at the site or conflicts
with the localities selected.

LPi
ON
T~oo

5v3 Observation Well Installation

I

The observation wells should be constructed, completed and
developed according to the procedures outlined in the general,
standard operating procedure (SOP 7220; Appendix IX), Specific
details of well construction for this site include 2 inch ID,

5-2
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flush-threaded, schedule 40 PVC pipe £or the well casing. The well
screen will be 2 inch ID, flush-threaded, manufactured PVC well
screen. The well screen will be 10 feet in length and have 0 .0 10 inch
slots. The grouting above the sand filter pack will be a 2 foot
bentonite seal followed by a cement/bentonite (10%) backfill to the
surface. A locking protective steel casing will be cemented into the
backfill to protect the well.

The observation wells will be developed to as sediment-free a
condition as possible using air lifting, surging, pumping or other
appropriate techniques. Development will proceed for a minimum of
thirty minutes or 5 casing volumes, whichever takes longer. A
sediment-free condition will be defined as less than 0.01 ml of sand
collected in a 1000 ml Imhoff cone when sampled 1 to 2 minutes after
start of pumping or a total maximum development time of 2 hours. All
water produced during development of the wells will be collected,
containerized and stored in compliance with RCRA regulations (40 CFR
Part 265 , Subpart I; Appendix III) prior to proper disposal. No
Permit is needed for storage of the water produced during well
development. During the course of observation well installation,
continuous soil samples shall be taken to a depth of two feet below
the shallow aquifer. A minimum of four samples from each well
location shall be collected and analyzed for the following:

o Visual and olfactory screening
o HNu analyses
o Head space analysis
o Portable x-rav fluoresence analysis or equivalent (Zn, Cu,

Pb, Cr, As)
o Total Petroleum Hydrocarbons (infrared spectrophotome«. vy)

The Health and Safety Plan for this investigation details health and
safety procedures for soil sampling and monitoring well installation.

Table 5-1 contains a comprehensive listing of soil sample numbers
to be used for observation well installation soil samples.

tn

oo

5-4

001953



IIIIIIII
III

Refer to Section 2.5 of this plan for a detailed description of
the sample identification and numbering system.

All downhole equipment shall be steam-cleaned prior to commencing
drilling at each hole; all sampling equipment shall be properly
cleaned prior to reuse in accordance with SOP 7600 (Appendix It). All
nonsatnple materials removed from the well shall be collected,
containerized, and stored in compliance with RCRA regulations (Federal
Regulations 40 CFR, Part 265, Subpart I; Appendix III) prior to proper
disposal . No permit is needed for storage of the nonsample materials.

5.4 Sampling Methodology

The standard operating procedure (SOP 7 130 ; Appendix VIII) for
groundwater sample collection from monitoring wells, attached to the
end of this section, is to be followed when collecting samples. The
bailing method discussed in Section 7.1 of SOP 7 1 3 0 is to be used for
collecting unfiltered volatile organic samples. Field equipment will
be decontaminated prior to and between samples in accordance with SOP
7600. In addition to the outlined procedure, all water produced
during development of the wells shall be collected, containerized, and
stored in accordance with RCRA regulations per 40 CFR Part 265 ,
Suhpart I prior to proper disposal . No permit is needed for storage
of the water produced during pumping.

LP\

O
O

The specified field blank shall consist of two sets of laboratory
cleaned sample containers. One set of containers is empty and will
serve as the sample containers that will be analyzed. The second set
of containers are filled at the laboratory with laboratory
demonstrated analyte free water. At the field location, this analyte
free water is then passed through laboratory cleaned sample equipment
and placed in the empty set of sample containers for analysis.

The Health and Safety Plan for this investigation details health
and safetv Procedures for groundwater sampling.

5-5
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TABLE 5-1
SAMPLE IDENTIFICATION NUMBERS FOR SOIL SAMPLES

COLIECTED FROM SHALLOW AQUIFER OBSERVATION WELL INSTALLATION
COLLECTED AT THE SOUTH CAVALCADE STREET SITE

Sample Location
Code Number(a)

sac - ow - 01

sac - ow - 02

sac - ow - 03

sac - ow - 04

Sample Number

SCK - SL01A - 001
SCK - SL01A - 002
SOC - SL01A - 003
SCK - SL01A - 004

SCK - Su02A
SCK ~ SL02A
SCK - SL02A
SCK - SL02A

001
002
003
004

SCK - SL03A - 001
SCK - SL03A - 002
SCK - SL03A - 003
SCK - SL03A - 004

SCK - SL04A
SCK - SL04A
SCK - SL04A
SCK - SL04A

001
002
003
004

LT\
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ON

O
O

sac - ow - 05

III
sac - ow - oe

SCK - SL05A - 001
SCK - SL05A - 002
SCK - SL05A - 003
SCK - SL05A - 004

SCK - SL06A - 001
SCK - SL06A - 002
SCK - SL06A - 003
SCK - SLOtiA - 004

001955
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Sample Location
Code Number(a)

SCK - OW - 07

sac - ow - 08

sac - ow - 09

sac - ow -10

sac - ow - 11

sac - ow - 12

sac - ow - 13

LE 5-1 (Continued)

Sample Number

SCK
SCK
SCK
SCK

SCK
SCK
SCK
SCK

SCK
SCK
SCK
SCK

SCK
SCK
sac
sac

sac
SCK
SCK
sac

- SL07A -
- SL07A -
- SL07A -
- SL07A -

- SL08A -
- SL08A -
- SL08A -
- SL08A -

- SL09A -
- SL09A -
- SL09A -
- SL09A -

- SLIQA -
- SL10A -
- SUOA -
- SLIQA -

- SLllA -
- SLllA -
- SLllA -
- SLllA -

001
002
003
004

001
002
003
004

001
002
003
004

001
002
003
004

001
002
003
004

Sac - SL12A - 001
SCK - SL12A - 002
SCK - SL12A - 003
SCK - SL12A - 004

SCK - SL13A
SCK - SL13A
SCK - SL13A
SCK - SL13A

001
002
003
004

Oo
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TABLE 5-1 (Continued)

Sample Location
Code Number'3'

SCK - OW - 14

Sample Number

SCK - SL14A
SCK - SU4A
SCK - SU4A
SCK - SL14A

001
002
003
004

(a) See Figure 5-1 for locations of observation wells

in
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5-5 Sample Containers and Preservatives

Specified Analysis Container Volume Preservative

Volatile Organic Compounds 2 VOA Vials, 2 x 40ml Cool 4°c,
Teflon-lined protect from
caps light

Acid/Base/Neutral 1 Glass Bottle, 1 t. Cool 4^0,
Fraction Mix, Teflon-lined protect from
Pesticides, and PCS cap light

Priority Metals and Iron Cubitainer I L, HN(>3 to pH 2
or less

Cyanide Cubitainer 1 L, Cool 4OC,
NaOH to pH 12
or greater

Kitra los Cubitainer 1 L. Cool 4°C

Packaging, marking, and shipping of samples is addressed in Section
4.7 of the Qual ity Assurance/Quality Control Plan for this
investigation. Chain of custody procedures for groundwater samples
are addressed in Section 4.5 of the Qual ity Assurance/Qual ity Control
Plan for this invest igation.

5.4 Sample Identification/Numbering

A comprehensive listing of sample numbers for shallow groundwacer
samples is shown on Table 5-2 and is summarised as follows:

total Samples:
Groundwater samples 44
Duplicates 5
Field Blanks _2

51

One field blank will be collected and an I y zed for each day of
shallow groundwater sampling. Refer to Section 2.5 of this plan for a
detailed description of the sample identification and numbering system.

GOino
oo
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5.7 Acuifer Properties Analysis

Aquifer properties in the shallow aquifer shall be determined
using selected observation wells, which, based on one or more rounds
of water quality analyses, appear to be relatively free of
contamination. A falling-head permeability test shall be used and the
standard operating procedure for this test (SOP 7220) is included in
Appendix IX. Any water removed from the wells shall be collected,
containerized, and stored in accordance with RCRA regulations (per 40
CFR 265, Subpart I) prior to proper disposal. Aquifer tests should be
performed at approximately five wells.

The Health and Safety Plan for this investigation details the
health and safety procedures for well permeability testing.

5, 8 Field Analysis

The following groundwatet analyses shall be performed in the field
Field Analyses Method No.

1) P« 150 . 1
2> Conductivity 120 . 1
3) Temperature 170 * I

* » .9 laboratory _ Anal vsea

The following laboratory analytical procedures shall be required:

Laboratory Analysis5 Method No.

1) Volatile Organics; Library search" 624
2) Acid Fraction; Library searchc 625
3) Base/Neutral Fraction; Library search0 625
4) Priority Pollutant Metals 200 .2
5) Cyanide 335
6) Iron 236
7) Nitrate 300
8) Pesticides & PCB's 608

5-10
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Notes

a All laboratory analyses are to be performed by a qualified and
experienced laboratory maintaining an active Quality Assurance
Program Plan.

k The library search is to identify up to 10 compounds with
concentrations greater than 10 percent of internal standards-

c The library search is to identify up to 20 compounds from the
acid/base/neutral fractions with concentrations greater than 10
percent of internal standards.

The analysis of the 22 shallow groundwater samples collected during
the second round may be modified as follows:

1)

2)
3)
4)

5)

6)
7)

Volatile Organics; Library search - select one-third of
samples collected
Acid Fraction; Library search6

Base/Neutral Fraction; Library search6

Priority Pollutant Metals - select one-third of samples
collected
Copperi chrome, zinc and arsenic remaining two-thirds of
samples collected.
Iron - consult with EPA
Pesticides and PCB' s - select one-third of samples collected

The library search to identify up to 10 compounds with
concentrations greater than 10 percent o£ the internal
standards can be limited to a select one-third of the samples
The library search to identify up to 20 compounds from the
acid/base/neutral fractions with concentrations greater than
10 percent of the internal standards can be limited to a
select one-third of the samples.

O
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SHALLOW

Sample Location
Code Number (a)

CAV - OW * 01

CAV - OW - 02

CAV - OW - 07

CAV - OW - 08

CAV - OW - 10

CAV - OW - 11

CAV - OW - U

CAV - OW - 14

S(X - OW - 01

SCK - OW - 02

TABLE 5-2
SAMPLE IDENTIFICATION NUMBERS FOR

SHALLOW AQUIFER GROUDWATER SAMPLES COLLECTED AT
THE SOUTH CAVALCADE STREET SITE

Sample
Identification Number

CAV - OW01 - 001
CAV - OW01 - 002

CAV - OW02 - 001
CAV - OW02 - 002

CAV - OW07 - 001
CAV - OW07 - 002

CAV - OW08 - 001
CAV - OW08 - 002

CAV - OWIO - 001
CAV - OWIO - 002

CAV - OWli - 001
CAV - OWll - 002

CAV - OW13 - 001
CAV - OW13 - 002

CAV - OW14 - 001
CAV - OW14 - 002

SCK - OHO 1 - 001
SCK - OWOl - 002

SCK - OW02 - 001
SCK - OW02 - 002

Oo
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1 • Sample Location
J| Code Number (a)

1 • SCK - OW - 03
[

8 SCK - OW - 04I
f SCK - OW - 05

' 1 SCK - OW - 06

1
• SCK - OW - 07

1 SCX - OW - 08

>l
SCK - OW - 09I

.• SCK - OW - 10

8 SCK - OW - 11

1
SCK - OW - 121

• SCK - OW - 13

TABLE 5-2 (Cont 'd)

Sample
Identification Number

SCK - OW03 - 001
SCK

SCK
SCK

SCK
SCK

SCK
SCK

SCK
SCK
SCK •
SCK -

SCK -
SCK -

SCK -
SCK -

SCK -
SCK -

SCK ~
SCK -

SCK -
SCK -

- OW03

- OW04
- OW04

- OW05
- OW05

- OW06
- OW06

- OW07
- OW07
- OW08
- OW08

- OW09
OW09

OW10 -
OW10 -

- 002

- 001
- 002

- 001
- 002

- 001
- 002

- 001
- 002
- 0 0 1
- 002

- 001
- 002

- 001
- 002

CM
vD
O

O
O

own ~ 001
OWll - 002

OW12 -
OW12 -

OW13 -
OW1 3 -

001
002

001
002
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Sample location
Code Number(a)

SCK - OW - 14

Duplicate

Field Blank (c )

TABLE 5-2 (Cont 'd )

Sample
Identification Number

SCK - OW14 - 001
SCK - OW14 - 002

SCK - OW15 - 001
SCK - OW16 - 001
SCK - OW17 - 001
SCK - OW18 - 001
SCK - OW19 - 001

SCK - OW20 - 001
sac - ow2i - 001

tA
MD

O
O

(a) See Figure 5-1 for locations of observation wells.

(b) The location of the five duplicate samples will be selected
in the field. Duplicates will be selected for five different
sample locations. Both existing and newly-installed wells
should be used for duplicate sample locations.

(c) Field blanks will be collected from two different locations
selected in the field. Both existing and newly-installed
wells should be used for field blank locations.

5-14
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If further sampling is required after two rounds due to
inconsistencies between the first two rounds, then EPA and Koppers
shall determine selected parameters to be eliminated from the analysis.

Deliverables —

1) Well logs and completion records for all newly installed
observation wells

2) Documentation of the volume and disposition of all water and
residual soils materials removed from the wells

3) Copies of the field notebook of the supervising geologist or
engineer

A) All water level measurements and interpretations of the
configuration of the water table in the shallow aquifer

5) Field analysis results
6) Analytical laboratory results
7) Copies of the chain of custody forms
8) Raw data and results of all aquifer tests

Contingency — Should extensive or severe levels of contamination be
found in the shallow aauifer beneath the site, leaving or having the
Potential to leave the confines of the site, or in areas adjacent to
the s ite, installation of additional observation wells may be required
to ascertain the extent, concentrations, and rate of migration of the
contaminants. Monitoring beyond the one year specified above may also
be required.

5 . 10 Proposed Sampling Team

The following personnel are designated for the shallow groundwater
investigation activity:

Field Coordinator - to be designated
Field Heatlh and Safety Officer - to be designated
Field Technicians) - to be designated

oo

5-15

001964



6.0 DEEPER GROUNDWATER INVESTIGATION

Groundwater samples shall be collected and analyzed from
observation wells in order to obtain information on the water quality
of the deeper aquifer (approximately 200 feet below the ground), and,
if necessary, to investigate the hydrology of the deeper aquifer
system.

6* 1 Water Level Measuremen^s^md Sampling^ Frequency

As for the shallow aquifer samples, measurement of water levels
(see Section 4.0 of SOP 7 130 ; Appendix Vtll) in the deeper aquifer
shall be made no sooner than one week nor more than one month after
installation of the wells. Thereafter, water levels in the wells
should be measured on a quarterly basis and at each time samples are
obtained for analyses of water quality. All downhole measuring
equipment shall be properly cleaned prior to use (see Section 4.5 of
SOP 7 130 ) .

in
\oo
v~oo

The groundwater in the deeper aquifer shall be sampled
approximately one month after installation of the wells and again
approximately three months later . Prior to sampling, a minimum of ten
casing volumes of groundwater is to be removed from the well. The
groundwater is to be col lected, containerized and stored in accordance
with RCRA regulations (40 CFR, Part 265 , Subpart l) prior to proper
disposal . No permit is needed for storage of the water.

6.2 Sampling Locations

Based on available information, installation of two deep wells
into the deeper aquifar in the southeast and southwest corners of the
site are considered adequate (Figure 6-1) . These wells, in addition to
the existing well in the northern portion of the site (CAV-OW-06),
should be sufficient to confirm the quality of water in the deeper
aquifer.

6-1
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• New Well Locations
A Existing Well

Locations
_ ——————————~.,...•.- ̂ —Q~ iQ~-A——————

Figure 6-1 Ex i s c i t i g and New Observat ion Well Locations for
Deeper Aquifer Groundwater Sf lmnV i n *
_ . - _ . - _ _ . . ^ w.x. ..t» «./u:>ci.vciLion we 1 1 Lo
Deeper Aquifer Groundwater Sampling
(South Cavalcade Street S i c e )
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6.3 Observation Well Installation

Observation wells installed into the deeper aquifer are to be
constructed and completed using the general standard operating
procedure on monitoring well construction (SOP 7220; Appendix IX)
found at the end of Section 6.0 as a guideline. Construction and
completion techniques specific to this site include the use of a
telescoping well installation procedure. The well bore will be
advanced through the shallow aquifer using mud rotary techniques.
Augers (10 to 8 inches in diameter) will be used to advance the well
bore. A heavy raud ( 1 .2 specific gravity) of pure high sodium
bentonite will be added to the wellbore during the drilling. The mud
level will be maintained as high above the groundwater table as
possible. This procedure is used to advance the well bore into the
confining formation below the shallow aquifer. A soil sample from the
terminus of this well bore will be examined visually and with the HNu
field instrument for indications of contamination. It will also be
analyzed in the laboratory to confirm that it is free of contamination.

The well bore will then be sealed off ./ith a 6 to 8 inch steel
casing to the terminus of the initial boring. A tremit: pipe will be
inserted into the annular space between the well bore and the steel
casing such that bentonite cement grout can be injected into the
space, from the bottom of the boring to the top.

After a 24 hour time period, the inside surface of the casing will
be cleaned and the well bore will be advanced to its target depth
(approximately 200 feet) using the same mud rotary technique as
described above*

The well casing will be 4 inch ID, flush-threaded, schedule 80 PVC
pipe. The manufactured well screen will be 4 inch ID, flush-threaded,
schedule 80 PVC pipe with 0.010 inch slots. All piping and well
screen will be steam cleaned prior to installation* The entire
interval of the deeper aquifer will be screened. A sand filter pack
will extend 2 feet above the top of the screen and will be installed

Oo
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as the augers are removed. A 5 foot bentonite seal will be placed
above the sand filter pack followed by a cement/bentonite (10%)
backfill to the surface.

Twenty-four hours after completion! the well will be developed to
as sediment-free a condition as possible using air lifting, surging or
pumping techniques. A sediment-free condition will be defined as not
more than 0.01 ml of sand collected in a 1000 ml Imhoff cone when
sampling I to 2 minutes after pumping begins. Once free of apparent
sediment, the well will be pumped for eight hours at 10 gallons per
minute, or equivalent volume.

All drilling mud, cuttings and water produced by completion or
purging will be collected, containerized and stored in compliance with
RCRA regulations (40 CFR Part 265 , Subpart l) prior to proper
disposal. No permit is needed for storage of these materials.

The Health and Safety Plan for this investigation details health
and safety procedures for well installation.

6. 3.1 SojJL SampHng Methodology

A sample from the terminus of the initial boring (confining layer
below the shallow aquifer) is to be collected for laboratory analysis
to confirm that it is free of contamination. In addition, soil
samples are to be taken for field *d/or laboratory analysis. Soil
samples are to be collected at 5 fo--t intervals to a depth of 50 feet,
and at 10-foot intervals thereafter, and at each change of soil strata

The Health and Safety Plan for this investigation details health
and safety procedures for subsurface soil sampling.

6 . 3 . 2 Screening Analysis of Soils

The following analyses are to be performed on selected samples
collected as noted in Section 6 .3 . 1 .

CO
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Visual and olfactory screening
HNu analyses (see SOP 7315, Appendix VI)
Head space analysis
Portable x-ray fluoresence analysis or equivalent (Zn, Cu,
Pb» Cr, As)
Total Petroleum Hydrocarbons (Fluorescence spectrophotometry)

Head space analyses are to be performed using an HMi instrument after
the soil samples are held for a period of 4 hours or longer at a
temperature of about 20°C.

6 . 3 . 3 Laboratory Analysis of Soils

Based on the test findings from the screening analyses, eight soil
samples will be selected in the field and submitted for laboratory
analysis for the following parameters.

Laboratory Analyses3

1) Acid and Base/Neutral Fraction Mix
(Capi l lary GC/MS)

2) Zinc, copper, chromium, lead
3) Arsenic
6^ Cyanide

Method No.

8270

6010
7060/7061
9010

a All laboratory analyses are to be performed by a qualified and
experienced laboratory maintaining an active QA Program Plan.

6 . 3 . 4 Soil Jjampie Containers and Preservatives[«• Specifiedllll
Metals

As)

Acid
Fra

(Zn,

and
Ctil

Analysis
Cu

Base
>n Mix

, Cr, Pb,

Neutral

Containers
Wide-mouth glass
jar for all
tests

One vide-mouth
p la .44 lAf.

Volume

8 oz.

8 oz.

Preservative
None

Cool
nrot*

4<>C,
»r:t frnm

Telon-lined
cap

6-5
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Packaging! marking! and shipping of samples is addressed in Section
4.7 of the Quality Assurance/Quality Control Plan for this
investigation* Chain-of-custody procedures for soil samples are
addressed in Section 4.5 of the Quality Assurance/Quality Control Plan
£or this investigation.

6 .3 .5 Soil Sample Identification/Numbering

Table 6-1 contains a comprehensive listing of soil sample numbers
to be uaod for observation well installation soil samples.

Soil Samples
triplicates
Field Blank (a)

(a) One field blank will be collected for each day of subsurface soil
stapling. A* the number of sampling days are unknown and only A
l imited number of the total samples will b« laboratory analyzed,
onlv a United number of the total field blanks will bo laboratory

Refer to Section 2*5 of this plan for a detailed description of
the sample identification and numbering system.

All downhola equipment shall be s team -c leaned prior to commencing
drilling at each hole; all sampling equipment shall be properly
cleaned prior to reuse (see SOP 7600). All nonsamole materials
removed from the well shall be collected, containerized, and stored in
compliance with RCRA regulations per 40 CFR, Part 265, Subpart I,
Prior to proper disposal * No permit is needed for storage of the soil

O

o
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6.4 Observation Hell Monitoring

6.4 . 1 Sampling Methodology

The standard operating procedure for groundwater sample collection
from monitoring wells is presented in SOP 7130; Appendix VIII. In
addition to the outlined standard operating procedure, all water
produced during development of the wells is to be collected,
containerIced, and stored in accordance with RCRA regulations (40 CFR,
Part 265, Subpart l) prior to proper disposal. to permit is needed
Cor storage of the water produced.

The field blank consist of two sets of laboratory cleaned sample
containers. The first set of containers are to be filled at the
laboratory with laboratory demonstrated analyte free water. The second
set of containers ia shipped empty. At the field location, analyte
free water will be Dasaed through laboratory cleaned sample equipment
and placed in the empty sec of sample containers for analysis.

The Health and Safety Plan for this investigation details health
and safetv procedures for groundwater sampling*

6. -'4, 2 Fifld Analysis of Groundwater Samples

The following field analyses are to be performed on all deeper
aquifer samples *

Field Analysea Hethpd No.
1) pH 150. 1
2) Conductivity 120.I
3) Temperature 170 . 1

6 , 4 . 3 Laboratory Analysis of Groundwater Samples

The following laboratory analyses are to be performed on all
deeper aquifer oflrr.plcs.

ON
•T—
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Laboratory Analysis5 Method No

1) Volatile Organics; Library searchb

2) Acid Fraction; Library search0

3) Base/Neutral Fraction; Library search0

4) Priority Pollutant Metals
5) Iron
6) Nitrate
7) Pesticides and PCS' s
8) Cyanide
Notes

624
625
625
200 .2
236
300
608
335

li

a All laboratory analyses are to be performed by a qualified and
experienced laboratory maintaining an active QA Program Plan,

k The library search is to identify up to 10 compounds with
concentrations (treater than 10 percent of internal standards.

c The library search is to identify up to 20 compounds from the acid
and base/neutral fractions with concentrations in excess of 10
percent of internal standards.

Complete analyses, as described above, shall be performed on the first
round of deep groundwater samples. For the second round, the analyses
for nitrate and iron may be dropped, with EPA approval. If further
groundwater sampling is required after two rounds, selected parameters
may be eliminated from the analyses with EPA approval.

Deliverables —

CM
r-
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1) Well logs and completion records for the wells installed into
the deeper aquifer

2) Documentation of the disposition of all water produced during
installation, development and sampling of the deeper wells

3) Copies of the field notebook of the supervising geologist or
engineer

A) Field analyses results
5) Analytical laboratory results
6) Copies of chain-of-custody forms

-6=8-
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TABLE 6-1
SAMPLE IDENTIFICATION NUMBERS

FOR SOIL SAMPLES COLLECTED FROM DEEPER
AQUIFER OBSERVATION WELL INSTALLATION AT

Sample Location
Code Number^ )

SCK-OW-22

SCK-OW-23

Duplicate^'

Field Blank(c)

(a) Refer to Figure
wells.

(b) The location of
field.

(c) The location of
field.

THE SOUTH CALVALCADE STREET SITE

Sample Identification Number

SCK-SL22A-001 '
SCK-SL22A-002
SCK-SL22A-003
SCK-SL22A-004

SCK-SL23A-001
SCK-SL23A-002
SCK-SL23A-003
SQC-SL23A-004

SCK-SL24A-001

SCK-SL25A-001 through
SCK-SLxxA-001<d>

6-1 for the location of deeper aquifer observation

the duplicate sample is to be selected in the

the two field blanks is to be selected in the

(d) As the exact number of sampling days are unknown, the *xx" will be
filled in with consecutive numbers following 25.

r-

oo
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Contingency — Should contamination of the deeper aquifer be found,
installation of one or more additional wells may be required, as shall
determination of the fundamental hydrologic behavior of the deeper
aquifer system. In addition, installation of one or more wells to the
next deeper aauifer may be required, as well as documentation of its
use, hvdroloev, and quality. Monitoring beyond the one year period
specified above may also be required, ^furthermore, if the analytical
results of soils materials indicate the presence of pentachlorophenol
at concentrations greater than 1000 ppm, further field investigation
should cease immediately» and the scope of work reevaluated and

revised.
Groundwater Sample Containers and Preservatives

e

Volatile

,cid andFraction
and PCB

?r ioritv Pollutant
Hetals and Iron

- «,r Volume_Container .———

2 VGA Vials, 2x40 ml
Teflon-Uned

caps
\ Glass
Bottle Teflon
lined cap
Cubitainer

Cool ,protect from
lignt
Cool 40C,
protect

to
or
Cool 40C

Hitrates
Cubitainer l. „,.„>.. i. .«.«•'•"• s'"von—"•• rr :ir-u, -"vn::-'< .--r.rr «-r-rrr, r,r— «-are addressed in Sect.cn *.5

Plan.

Maasssa^^^^. f sarop.e n^e. ,0, deepe, .«——————
, co^e^ensive li.»«-° ^^ as

Ground water samples 6

r-o
oo

Field Blanks
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Refer to Section 2.5 of this plan for a detailed description of
the sample identification and numbering system.

6.5 Proposed Sampling Team

The following personnel are designated for the deeper groundwater
investigation activity:

Field Coordinator - to be designated
Field Health and Safety Officer - to be designated
Field Technician(s) - to be designated in

oo
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TABLE 6-2
SAMPLE IDENTIFICATION NUMBERS

FOR DEEPER AQUIFER GROUNDWATER SAMPLES
COLLECTED AT THE SOUTH CAVALCADE STREET SITE

Sample Location
Code Number(a)

CAV-OW-06

SCK-OW-22

SCK-OW-73

Duplicate
Held Blank ( c )

CAV-OW06-001
CAV-OW06-002

SCK-OW22-001
SCK-OW22-002

SCK-OW23-001
SCK-OW23-002

SCK-OW24-001
SCK-OW25-001
SCK-OW26-001

\D
r-
O^
T—oo
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veils.
^e location .f the duplicate sarapu
The Iocat l0n of the two field blank. wU1 be 3elected in the
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7,0 NOWSOIL MATERIALS INVESTIGATION

In order to determine the character and degree of contamination,
if any, of nonsoil material encountered on the South Cavalcade Street
Site, and to facilitate evaluation of the disposition of these
materials, a nonsoil materials investigation shall be conducted*

7.1 Methodology

Nonsoil materials encountered on the South Cavalcade Street Site
that are related to past wood treating and wood preserving operations
on the site or that appear to be abandoned and not directly under the
control of or attributable to the current land owners shall be
examined, characterized and sampled for indications of Contamination
using appropriate techniques.

7.2 Sampling Location

No specific sampling localities have been identified. The need to
perform this subtask is dependent on the results of previously
performed field investigation subtasks.

oo

7 .3 Analyses

Analyses of nonsoil materials shall be sufficient to determine the
nature and the extent of their contamination and to assess the most
feasible method of disposing of the materials . Engineering judgment
is necessary in selecting the tests and analyses to be performed.

Deliverables —

H

1) Complete descriptions of all nonsoil materials encountered on
the site

2) A map depleting the locations and extent of nonsoil material
encountered on the site

3) Analytical laboratory results

001977
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4) Copies of the field notes of the supervising geologist or
engineer

5) Copies of the chain of custody forms

Contingency — The review and guidance of EPA is essential in
addressing the occurrence and contamination of nonsoil materials
encountered on the South Cavalcade Street Site. Consultation with EPA
is required in assessing what tests are necessary and whether
exploration to completely determine the extent and degree of
contamination of nonsoil materials is necessary. If the analytical
results indicate the presence of pentach lorophenol at concentrations
greater than 1000 ppm, further field investigations should cease °°f^t*.• • i^^immediately, and the scope of work reevaluated and revised with EPA _.Oguidance. ^

O
7.4 Proposed Sampling Team

The following personnel will be made available if the need to
perform this sub task is identified:

Field Coordinator - to be designated
Field Health and Safety Officer - to be designated
Field Technician(g ) - to be designated

I
I
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8.0 AIR QUALITY INVESTIGATION

Air samples will be taken in order to ascertain whether air
emissions on the South Cavalcade Street site pose a hazard*

8.1 Sampling Frequency

Background air quality are to be obtained using a porous, polymer
resin with solvent extraction and concentration prior to analysis-
Samples are to be collected over a two-hour time interval on three
consecutive days. On each day, one upwind sample and two downwind
samples shall be col lected. All samples are to be collected in
duplicate. Air sampling will be conducted in the personnel work areas
of the trucking firms.

8.2 Sampling Methodology

The sample procedure outlined in Appendix X will be followed when
collecting air samples.

In order to establish background concentrations, one upwind and
one downwind sample should be taken off-s ite as the designated field
blanks.

The Health and Safety Plan for this investigation details health
and safety procedures for air monitoring.

8-3 Sample Containers and Preservati ves

Speci He,d_ Analysis

Polynuclear Aromatic
Hydrocarbons

Container Volume Preservatives

Resin filled 40 grams Cool 4°C,
glass cylinder of resin protect from

light

Packaging, marking, and shipping of samples is addressed in Section
4.7 of the Quality Assurance/Quality Control Plan for this
investigation.

O
O
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8.4 Sample Identification and Numbering

I A comprehensive listing of samples numbers for air quality samples
is shown on Table 8-1, and may be summarized by the following:

I
Air Samples 9
Duplicates 9
Field Blanks JJ

21

I
1
I
I
I
I
1
f
I
I
I
1

8. 5 Anal va is

The analytical procedure outlined in Appendix X will be followed.

Deliverables —

1) Laboratory analyses
2) Chain-of -custody forms
3) Memorandum describing collection procedures and sampling

localities and sampling times.

Contingency — Should severe and extensive air emission hazards be
encountered on the South Cavalcade Street Site, additional air quality
studies may be necessary. These mav include, but will not necessari ly
he limited to, installation of one or more air quality sampling
stations and excavation of test pits for the purposes of investigating
the emissions that might occur if soil or nonsoil contaminants are
removed.

8.6 Proposed Sampling Team

The following personnel are designated for the air quality
investigation activity:

Field Coordinator - to be designated
Field Health and Safety Officer - to be designated
Field Technician(s) - to be designated

O
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TABLE 8-1
SAMPLE IDENTIFICATION NUMBERS FOR AIR

SAMPLES COLLECTED AT THE SOUTH CAVALCADE STREET SITE

Sample Location

Upwind Day 1
Upwind Dav 2
Upwind Dav 3

Downwind Day I
Downwind Day 1
Downwind Day 2
Downwind Dav 2
Downwind Dav 3
Downwind Oav 3

Upwind Day 1 - Duplicate
Upwind Dav 2 - Duplicate
Upwind Day 3 - Duplicate

Downwind Day 1
Townwind Dav 1
Downwind Day 2
Downwind Day 2
Downwind Day 3
Downwind Day 3

Field Blank
Field Blank
Field Blank

- Duplicate
- Duplicate
" Duplicate
- Duplicate
- Duplicate
- Duplicate

Sample Identification Number

SCK-AR01-001
SQC-AR02-001
SCK-AR03-001

SCK-AR04-001
SCK-AR04-002
SOC-AR05-001
SCK-AR05-002
SCK-AR06-001
SCK-AR06-002

SCK-AR01-002
SCK-AR02-002
SCK-AR03-002

SCK-AR04-003
SCK-AR04-003
SCK-AR05-003
SCK-AR05-003
SCK-AR06-003
SCK-AR06-003

SCK-AR07-001
SCK-AR08-001
SCK-AR09-001

COa-
oo
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9.0 GEOPHYSICAL SURVEYING

A survey of the South Cavalcade Street site is to be conducted
using geophysical instruments; surface resistivity, electromagnetics,
ground penetrating radar, or some combination of the three. The
purpose of the geophysical investigation is:

1) To provide supplemental subsurface information, particularly
between existing bore holes.

2) To provide a means of better defining the configuration and
attitude of important atratigraphic units boneath the site,
and in particular, to identify subsurface irregularities in
the shallow aquifer.

3) To provide a means of identifying potential Concentrated
accumulations of contaminants from the former wood preserving
operations on the site, or any current operations on the site,

4) To provide information which may be used to alter or modify
the subsurface sampling program and the shallow well
installation program.

9.1 Sampling Locations

The location of the test plan will be a 150 ft. by 150 ft. square
area located in the vicinity of Area 1 described in Section 4.1 of
this plan. The test plan will also be located to include the known
subsurface conditions of soil boring CAV-SL-03 (see Appendix I, Health
and Safety Plan for Remedial Investigation, Koppers South Cavalcade
Site, August 1985) . This boring was part of a previous study
undertaken at the site. The intent will be to locate the test plan
area such that it covers a section of a suspected subsurface
contamination (Area 1), incorporates the area and therefore the strata
identified during the installation of CAV-SL-03 and extends far enough
south to cover relatively uncontaioinated subsurface soil.

CM
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Approximately 1200 linear feet of ground penetrating radar or
electroraagnetic traverses will be performed across the area with a 20
ft. spacing between traverses. A 50 ft. grid will be established in
the test plan whereby 9 stations tor earth resistivity soundings will
be located*

9.2 Survey Methodology

Because of the uncertainty as to whether geophysical techniques
(i .e. resistivity, electromagnetics, and ground penetrating radar)
will produce usable information at the South Cavalcade Street site,
the three techniques will be tested for utility and effectiveness.

It is anticipated that resistivity soundings will be performed
first, followed by testing of the electromagnetics and ground
penetrating rsdar. Should any, or some combination of the geophysical
techniques prove effective, a plan to investigate the rest of the site
will be developed and submitted to EPA for review. The effectiveness
of these techniques in the test program will be evaluated based on
their ability to accurately determine the known subsurface soil
conditions found during the installation of CAV SL-03, namely .*ater
table depth and depths of various soil strata. Also, the
effectiveness will be evaluated based on their ability to detect
expected anomolous subsurface conditions in Area 1.

CO

oo

Deliverables —

I
1) Contour and isopach maps and strattgraphic profiles of the

soil materials of the shallow aquifer and other overlying
materials.

2) Memorandum confirming or recommending alterations and
modifications of the subsurface boring and well installation
programs.

9-2
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Contingency — The geophysical investigation program described
above is highly dependent on the success of the tests. The review
and guidance of EPA with respect to the test results and the data
gathered subsequently shall determine whether additional
geophysical work should be carried out or whether further work may
be eliminated,

9.3 Proposed Surveying Team

The following personnel are designated for the geophysical
surveying activity:

Field Coordinator - to be designated
Field Health and Safety Off i cer - to be designated
Geophysical Subcontractor - to be designated

The geophysical subcontractor will be selected based on general
subcontractor procurement criteria detailed in Section 4.2 of the
Quality Assurance/Quality Control Plan for this investigation.
Specifical ly, the experience of the geophysical subcontractor will be
evaluated based on:

(1) Number, s ize and degree of difficulty of past survey projects

(2) Project experience related to specific contaminants of
interest (polynuclear aromatic hydrocarbons).

(3) Contacting selected references provided by the subcontractor
to evaluate past project performance.

00
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APPENDIX I

SOP 7 1 2 0 SURFACE WATER SAMPLING
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Title:
STANDARD OPERATING PROCEDURE

Surface-Water Stapling Techniqusf .dumber: 7120

1.0 Applicability
this Standard operating Procedure .(SOP) defines the basle techniques and genera
considerations to be followed for the collection of water-quality samples from
rivers* lake* and ponds. the specific details of aetutl sample coll*ction acehighly dependent upon local condition! aa well as upon the purpose of the weter
quality study. Nevertheless, c«ctaio atpacta of saapla collection proctducaaare indapandant of project -spaclflc varlatlona.

2.0
Tfe« project aaaaB«r Is responsible for ensuring that a properly
sasvliag progf" i* prepared prior to any soapl* collect'.on. The sanplirqpprograa will identify tha general sattpling locat,lon(a) , frequent'/.
(grab or composite), water-quality paraaeters and analytical procedures.
field teaai is responsible for fanillarlxing thesuelves %fith the saapling^
prograa, cad ensuring that all field equipment is in proper operating conditionaad that the appropriate sample containers and preservatives are tvailab£>. th
field teas) is also responsible for proper sample handling as specified la
SOP 7510, Handling and Storage of Samples.

3.0 tUteriAlc
e Project specific sampling program
e Site area maps < * . $ • » USGS 7-1/2 minute or IS minute quadrangle topograptrmaps)
e Sample containers and preservatives
e Insulated containers ( e . g . , coolers) for simple storage And an ample supp

of ice
e Field equipment as specified in tha sampling program and the correspondsmanufacturer's manuals.
e Calibration standards for field equipment
e Alpha horizontal type sample collector (for deep rivers, lakes and ponds )
e Boat or raft (for deep rivers, lakes and ponds)
e Weighted tape measure or rigid gage
• Pleld-data sheets and/or log book
e First aid kit

I-1
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Title:
STANDARD OPERATING PROCEDURE

Surface-Water Stapling Techaiquw Number: 712C

A.O Procedure!
4.1 Staple Location Selection

the selection of the precise stapling location requires professionaljudgaeat and ea understanding of the purpose of the study. Staplinglocations whore aixtng is incoapUte should be avoided if tn average
composition is required. Often, areas of poor lateral or vertical nixing
eaa be visually identified, for example, color or turbidity differencesaay be apparent iowidltttlr bolOM th« confluence of t tributary tnd tha
ouin riv«F or tt A w«st«w«t«r dltchargo point* Us« of * £Uld conductivityaat«r ia rteoosMndtd for d«t«rmioing tn« uniformity of th« wtt«r

Across the width tnd dtpfen of th« wttte body. One* th« °°
point ht« b««a s«Uet«d» it oust b« fixed by d«tail«d d*sccO>t ion.

or with th« tid of st«k«s, buoys, or other l»adm*ck« so thtt
ctn identify the stapling locttlon. O

4.2 Streta Stapling <D

4.2 . 1 In ahtllow stretas < those which eta be stfely trtversed oa foot) th<
staple coattiner can be filled directly with the flowing water.
Unless otherwise specified in the project stapling progrta, sample
should be collected at aid-depth in the aid-section or deepest flawchannel of the strata.

4 . 2 . 2 In deep rivers, use of a boat or rtft will usually be requirtd toobtain a representative sample. As with shallow stretas. suopUs
should be obtained at aid-depth In the aid-channel unless otherwise
specified In the stapling program. Streta depth ctn b<t determinedusing a depth sounder or by physical measurement wit!, i heavily
weighted flexible aeasurlng tape or a rigid gage.

4 . 2 . 3 An Alpha horizontal type stapler should be used for collecting
saaplo* at a specific depth In the water column, figure I
Illustrates the operation of one of these staplers.

4.3 Lake and Pond Stapling
4.3. 1 Water In itkes tnd pouds Is generally poorly mixed tnd thermtlstratification Is frequently observed. Single staples ctn only

represent the specific spot frooi which they were obtained. Forstudlea, staples ttkea at the lnlet<s> and/or outlet of the Ufce
pond are of the aost Interest, tn other studies, a grid is
established over the lake or pond tod staples are* collected ttgrid-line intersections.

at
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Figure t Mpha Horiiontal Type Sampler
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Title:
STANDARD OPERATING PROCEDURE

Su*faci-Watee Stapling Nun\ber: 712C

4 .3 . 2 As with deep rIvors, an Alpha horizontal type sampler should be ug«dfor sample collection.
4.4 Sample Handling and Preservation

4.4. 1 la general, the shorter the time lapse between sample collection andanalysis, the more reliable the results will be. Certain water-quality parameters, especially pH, teaperature aad dissolved oxygen,so closely related to the envlroanent of the water thatresults caa only be obtalaod by la-sltu field

CO4.4 .2 1PA has developed a list of rsceaneaded sample containers,
preservatives and maximum holding times for water quality
specified in the sampling p cog caa. this lUt should be
Preservatives may be added to the saaple containers la theafter filling, or the eoatalaers caa be pee-spiked with the o
preservative. All staples should be placed oa lee immediately
collection and should remain lead until delivery to the analyticallaboratory.

5.0 Documentation
A record must be kept of every sample collected and every bottle must be eleerl
marked, preferably with a waterproof label. An example field-data sheet is
provided la Figure 2. Project-specific data sheets or log books may be used.
The field record must provide positive sample identification as well i-s the ni.7
of tha sample collector, the date, time and exact location of the saaple
collection point, and results of all field water quality measurements. Othe r
information such as weather aad stream-flow conditions should also be noted.
All documentation will be retained in the appropriate project files.

1-4
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II . WATfiR OUAUTY FIILO DATA SHBST
If 1

i Tltla 0§W Tim« Projtct No. Propoiil No.

Lneatlen ———————————————————————————————————————————————————

• fiutlenNa. ———————————————————— Station N*m.r ^ 1
Im r*mm«ffrta ——————— - ———————————————————— . ———— —— . 1

1
1 °Location Within Tranaact* n^ 1

T~ 11 Towl Depth s**i.hi ni«* n.i«H « I

iiii'ii
ii

Dtpth
(matfra>

FIELD MEASUREMENTS ° |
Tamp DO

(mg/n
00 Sat.

j^j 1
\ Mil

*

Conductivity(umho«/cm> pH
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Title:

1,0

t t STANDARD OPERATING PROCEDUREDecontamination
Page *f 4

Date: lit Qte 19
Number: 7600Revision; X

Applicability
This SOP describes the methods to be mad for the deeontaalnUatlon of all fieldequipment which becomes potentially contaminated during 4 sample collection
task. The equipment may include split spoons* bailers, trowels* shovels, handaugers, or any othur type of equipment used during field activities.
Decontamination U performed ts 4 quality *isur*oc« oM4suc«B »nd 4 «4f«ty
pc«C4Ution* It pc«v«at* ccoti-contwainattoa fa*twa«n vuiplas »ad tliouUtala 4 cl««n woctelog •nviconmeat for th« i4f«ty of »11 fltld p«csonn«L
lavolv«d» includlaj th« «nvirona«at.

to

ap0«coott*inttlon I* mftioly 4Cbl*v«d by rlntlns with liquids which include:
tod/or d«t«rgeat solutions, t*p W4ttr» d*ioolz«d watte, and atthsnol. Equlpmant
will b« tllow«d to &ir dry »ft»r boing cl«*n«d OP may 6* *Hp«d dry with ch«wtcaLfr«* cloths or p*p«c tow«ls if laa«dlat« r«-ui« is n««d*d. Steam cleaning 6biy,
can be used whenever possible, v-
Tb« frsqusney of «quipmant us«, dictates that most dtcoataainstion b« Q4ccoaplish«d at «ach tampllnj sit* b«tw*«n collection points. Wast* produc^
produced by th« dseontamin&tion procedures such as waste liquids, solids, rags,
gloves, etc. will be collected and disposed of properly based on the nature ofcontamination. All cleaning materials and wastes should be stored in a central
location so as to maintain control over the quantity of materials med and/or
produc«d throughout the study.

2.0 gesponsibllities
It is the primary responsibility of the site operations manager to assure that
the proper decontamination procedures are followed and that all waste matariilsproduced by decontamin&tion are properly stored and difposed of.

*It is the responsibility of the project safety officer to draft and enforcesafety measures which provide the bent protection for all persons involved
directly with sampling and/or decontamination.
It it tha responsibility of any subcontractors ( i . e . , drilling contractors) tofollow tht proper, designated decontamination procedures that are statad in
their contracts and outlined in the Project Health and S4fety Plan.
It is the responsibility of all personnel involved with sample collection or
deeontamiu4tion to taaintain a clean working environment and to ensure that any
contaminants are &ot negligently introduced to the environment.
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3.0 Supporting Materials
e cleaning liquids: soap and/or detergent solutions, tap water, deionized

water* metbanol
« personal safety gear (defined in Project Health and Safety Plan)
o cheaUetl-free paper towels
• disposable gloves
• waste storage containers: drums, boxes, plastic bags
e cleaning containers: plastic buckets, galvanized steel pans
e cleaning brushes

4.0 Methods or Protocol for Decontamination
4.1 General Procedures

cr-
CN

O
O

I
l

4.1.1 The extent of known contamination will determine to what extent the
equipment needs to be decontaminated. I? the extent of
contamination cannot be readily determined, cleaning should be don
according to the assumption that the equipment is highly
contaminated until enough data are available to allow assessment of
the actual level of contamination.

4 . 1 . 2 Adequate supplies o? all materials must be kept on hand, this
includes all rinsing liquids and other materials listed in
Section 3 .0 .

4. 1 .3 The standard procedures listed in the following section can be
considered the procedure for full field decontamination. If
different or more elaborate procedures are required for a specific
project, the; will be spelled out in the project work plan. Such
variations in decontamination may include following all, just part,
or an expanded scope of the decontamination procedure stated herein

4.2 Standard Procedures
4.2. 1 Semove any solid particles from the equipment or material by

brushing and then rinsing with available tap water, this init ial
step is performed to remove gross contamination. For drilling
equipment only, steam cleaning will be necessary.

II-2
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STANDARD OPERATING PROCEDUREDecontamination
Title:

Page y( 4

Date: 1st Qtr 19
Number: 7600
Revision: 1

4.2 .2 Wash equipment sampler with the soag, or detergent solution.
4 .2 .3 Rinse with tap water
4 , 2 - 4 Rinse with deionized water, if necessary
4 .2 . 5 Elnse with methanel, if necessary
4 .2 .6 Repeat entire procedure or any parts of the procedure if necessary
4 .2 .7 Allow the equipment or material to air dry before re-using
4 . 2 . 8 Dispose of any soiled materials in the designated disposal container

S.O Specific Decontamination Procedures . °~"
5.1 Submersible Pump ^~

5.1 . 1 Applicability oo
This procedure will be used to decontaminate submersible pumps
between ground-water saapl* collection points and at the end of eich
day of use.

5 . 1 . 2 Materials
o plastic-nalgene upright cylinder
o 5-10 gallon plastic water storage containers
o methanol and dispenser bottla
o deionized water and dispenser bottle
o chemical free, paper towels
5 . 1 .3 . 1 During decontamination the submersible pump will b« placed

on a clean surface or held away from ground.
5. 1 .3 .2 When removing the submersible pump from each well the power

cord and discharge line will be wiped dry using
chemical-free disposable towels.

5 . 1 . 3 . 3 Clean th* upright plastic-nalgene cylinder with first a
methanol and then a deionized water rinse-, wiping the free
liquids after each.

II-3
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5 . 1 . 3 . 9

5 . 1 .3 .4 Reverse puap baclcwashing all removable residual water
present in th* pump tubing. Th* puap should b* shut off assoon «s intermittent flow is observed froa th* reversedischarge.

5 . 1 .3 .5 Kins* th* stainless steel submersible down hoi* pump
section with ft liberal application of methanol and wipe dry.

5 . 1 . 3 .6 Place th* submersible puap section upright in the cylinder
and fill tb* cylinder with tap water, adding 50-100 ml ofmethanol for every on* liter of water. m

O5 . 1 . 3 . 7 Activate th* puap in th* forward mod* withdrawing waterfro* th* cylinder.
•?—5 . 1 . 3 . 8 Continue pumping until th* water in the cylinder is pfidped

down and air is drawn through the puap. At this timeOir
pockets will be observed in th* discharge line. Shut offth* pump immediately.

2amove th* pump froa th* cylinder and place th* pump in thareverse mod* allowing that all removable water be
discharged on to th* ground surface as discussed in Step 2 .

5 . 1 . 3 . 10 Using the water remaining in tha cylinder, rinse the sea
portion o? the power chord and discharge tube by pouringth* water carefully over the coiled lines.

5 . 1 .3 . 1 1 When reaching the next monitoring well place the pump in
th* well casing and wipe dry both the power and discharge
line* with a clean paper towel as the pump is lowered.

5 . 1 . 4 Quality Assuranc*

To assure that decontamination is complete, field blank sampla:;
shall b* collected using th* cleaned submersible pump. These f ie ld
blanks will b* subsequently an&lyzed for the parameters of intarastwith respect to the ground water.
Th* procedure for collecting th* field blanks will comprise us ing
th* puap to withdraw th* tap water used for decontamination, from
th* plastic cylinder to sample containers. This field blank sample
collection procedure shall only be performed after th* materials tob* us*d have been decontaminated.
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Federal Regulations 40CFR, Part 265, Subpart I

III

SubptttMM

Tk* regulation* In tUa Subpait apprjrto owners *nd opanton of auhaxardooa waste fadlltita that •tot*container* of bazudou wejta, exceptaa 12aS.l provide* otherwtta.
ftt&ltt
If a container holding haMrdooawaste la oot In flood condition, or If IIbegin* to laak. the ownar or operatormtut transfer tha huardooa waata frodithl* ooatalaer to a container thai U lafood ooodlUo& or manage too wait* to*oma other way that eocipUea with tfa*rvqoinmanta of tfala Part

IM&171
HM owaar or oparator muat UM •conlainar nado of or Unad withmatariala which will not nact with, andat* otharwlM compattbla with, thehaiardoua wait* to ba itortd to thattha ability of tht containar to contaiathe waato la not tapaind

yanaaanianl o» eontatnara.
(a) A contaiaar holding haxajrdoua

waita muit alwaya ba cloiad during•toraga, axcapt whan U U ntcaiiary toadd or ramova waita.(b) A container holding haxardouawaita muit oot be opened, handled, or•tared (n a manner which may ruptur*tha containar or caun It to leak.
(Comment: tte-us* of container! latruuporUtioo i* governed fay U.S.DepartmMt of TrafliporttUoaregulaUooa, iccludlog thoM tat forth la49 CFR 173.28)1[261173 comment revited by 45 FR78529. November 29, 1900}
IM&174

The OWQW or operator mu*t inipectarau wharo containara ara itorad. atleut weakly, looking for teak* and fordetariorattoa caused by corraaloa orother factora.
[Commtnt Sa« 12fli.in for Mmedialactloa required if deterfontioa or leaksare datected.|
«2*e.l7t (RaaanMl
02U.179tanttaflej or roa<tfv< gaeafc

f / nfenm /i«al|
Containen holding IgnlUbU orraactiva wnte muit ba located at laaat

15 meters (90 fatt) from tfaa.fadUty'aproperty tiact
requirement*.)

ter
(aj tnconpatibla waa*at* orlnc&mpattb!a waatat aad matarlale, (aa«Appendix V for ax*fflptaa) muii oo* fa«placed In tba> tama «*»***^T, uaUe*1 2fl5.i?(b) la eonplfad with.(bj Kuacdotaa wtato aaat not ba>placed In aa aawajhad eootataar thatprtvtottiry held aa taeonpattbla waata>or matariai (saa> Apptndix V foraxaoplaaX ualaaa f 261.17(0) lacomplied with.
(c j A itonf* eoataiaar holding ahazordoua waMa that la laenupatibl*with any want* or olhar autariala etorednearby la othar cootaiaen. pilaa. opeat«t̂ fft of curfoca tnpotoidBu&ta muit be>aeparated from tha olhar material* orprotected from theo by maaoa of a dlka»barm, walL or othar davioa*

[Comment Tha purpoaa of tUa la toprevent flrea. axploaloat, gaaaooaemiiiiona. leaching, or othar dischargerof haxardoua watte or haxardooa watt*cons tituruenta which coold rteolt fromthe mixing of Incompatible waitea ormaterials if containara break or teak.)
l2iU7fl-244.lt*

r-
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Flow Measurement by Float Method

l

I
1

FIoavhannryUmUwioM————,
bat than ara two oooutow wham they
uaafttl A float can ba uaad wbar* tha n——,
to too low la obtain raUabla maawrameeta with
th« ewrwit aatar. Thn an aba uaad wham
flood BwaBBramaato «n oaadad and tha aaa*»
uring ttroctura haft ba« dmtroyad or it to

Both «uf ae# float* *ad rod float* ara wed.
Suxfaoo float* may bo) almcat urUuDi that
float* ouch an woodoB diafat bettlo* partlyouao. or Ite4 SoaM
woî toi «• ono and ae tbaf will foat
in tfca ttnaa. Bod ftoato mtM oot touch•tnafflbad. Floating dabria or lea caJuaMTT* a» natural loala.

Two mm tfietiow ara aakeUd abac <
of s&rtiffai caaoMft for * fle«4
Th* croa* MeUona abodd ba far attu|h apart•o tiai tba tima tha float uk« to pa» tnm
ona cna* atetioa to tha othar MM be niatwandoeeuntaly. A traTaltna of al laaat 90 aatonda
u taoi>mmaBdad, but a ahortcr tiasa eaa ba uasdOB tnull ctraana with high valodtUa, wh«a U to
impoanbla to Mlatt aa adtquto lan|th of

Ch
s—
Oo

l
i

Tha prooadur* for a Boat maMBiaiiMl to to
distribute a numbar ol floaia oatforaJy ow
tha itnan width, fivtisg tha poritto* of aaeh.
Tfaiy ihould ha aUowad to ra»*h a eofutaaa
Tilocity bafora timing by noBwatch tha btarnlaccb Uk«a to travel batnaai tw» onaa Metiotw.
Tha dutanoa of Mcb float froa tha banh u it
puMe awh eraaa tactioa iheuld aka bo ROU&

% The vtlocaty of tha float ia aqual to tha
diatuoa b îWMBi tha mm aaeUoaa divided fay

* tht tima of UmvaL Car* muat ha Uhaa, whm
maMuriag law valodltua, that tha floata u« not
b«ng ftffactod by wind. Tha maaa vatocity of
flow in tha nrtieal to aquai to*ha float valocity
multipliad by a eoofloant which to baatd on
tba than* of tha Ttrtkai-niocity profila and
rdfttiva depth of {nuaama* of tha floaL A
eowSetant ol abmt 0 M to ootuaoaly uaad to
caanrt aarfaea nloeity to m«aa nlotity. Tha
ootOoaat for rod floata *arto» frooi 0 U to
i .00 dapasding oa lha thapa of tha «nai oaetio •
ud tha valodty dtotrihatieB>

Tha dtoehaiffo ia wch puttol cactiaa to eoo>*
puud by multiplying tha a*araga am of tha
partial Mctioa by tha rnaui velocity in tha
vertical for that ptrtul Metioa. Tha total dto>
chart* to equal to tba no ot tha diacharfw
for all tha partial aactfona,
Float mataunmenia esa ba mada with a*

aeeuracy withia 10 percent unrfar good ooadi*
tiona and «h«a a cartaia amount of cara to
azefciatd. If a poor reach to ttlattod end net

* , enough float ruu ara mado, tha rawlta e«a b*
aa much aa 3S percent ia error.

(a) From "Techniques of Water Resources Investigation of U .S . Geological
Survey, Chapter A8: Discharge Measurements at Gaging Station."
Buchanan, Thomas J.; Soiners* William P., 1969
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Title:
STANDARD OPERATING PROCEDURE

Lake and Strata-Bottom Sedlait-nt Stapling Number:
TWO

1.0 General Applicability
this Steadard Operating Procedure (SOP) describes tha method* bo be used to
obtala represeatetive samples froa lake end stream-bottom sediments. Lake and•treea-bottos sedlswat sampling la performed to define the ebealcal tad in somecases physical or biological composition of sedtooat. Sediment stapling Is
nearly performed to delimit the «xt«nt of ch«»ic*l contunloatlon within w*t«r

S*4iK«at or btathlc «»taci«X 0*7 bo obtained dlcictly froa «mall «tr«ao* usinj
tcow«l» or fftall shov«ls or from lak* and poadi us log dcadgo/eltA ih«ll-typ«

3*dia«nt ftapl«a eollacttd for o?gaale analysts whoa possible should b*
eollcctad froa flaar sadioeats suca a« si It a and clar. To eollaet such «aaoollag «it«s will b« salaetad consisting of sadlaaat daposltloa aeaaa
silt aad clr.y sattlo out du« to low curraat spaadc. Sample* for organic O
ehaalcal aaalysas should aot ba collaetad from araas axposad during low ££o> orlow tlda eoaditloas or la araaa lonadiataly downgradlaat of tha coafluanca of
two strsasu*

2.0 Vqulpnaat Oascrlptioaa
Shoval * long or short handla with stsal blada. Appllcabla for small streams
and brook* whara tha avarag* dapth of flow is on* foot or lass. Primarily used
where representative staples c*n be collected from tha straaa bank or by
trowal - basic gardaa typo which resembles a small shovel. Constructed of ate * * :
or plastic. Primarily applicable for small streams having a depth of on* foot:or lass whara staples may be collected from tha bank, or by wadlag.
Dredge - Ponar* typ* platad steal grab dredga. Applicable for bottom, simp I ingwhara wading Is aot possible and water depths are greater thaa two (2) feet.
Of tea used froa boat or raft and is always lowered with a rope or cable.

3.0 Responsibilities
It Is the) primary responsibility of the project manager to assure that a
sampling progrsa is designed which will provide aa adequate characterization of
surface water sediments. With respect to sample collection procedures, it willbe the responsibility of the site operations/field work coordinator to provide
that all sedlaeat samples are collected la accordance with this SOP and the sit
specific sampling protocol.

4.0 supporting Material a
o Project Specific Sampling Progrtmo Sediaeat Sample Logo Deionlzed water dispenser rinse bottle

V-
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STANDARD OPERATING PROCEDURE
Ufc« »ad steesft-Bottoa Sediaeat Stapling

Methaaol dlspeaser rinse bottle
chsaleel free paper towels
Staple log*Staple eoatalners/labolasis-foot folding rule)
100 foot tape) netsuceGoggles/eye protectloaWtder-typa rubber boots (shallow streeas)
Boat or raft (deep rivers and lakes)
Plastic spooaaPlastic or galvanized steel basia

Number;
7U

IIIIIIII
III

S.O Method or Protocol o
5.1 General Procedure O

CMSediaent staples will be collected from the upper one-half foot of bottom
sedlaaat. Saaples from coall sfereaiu will be collected alther froa tiebeat or by wadlag lato the strata. Sedlmtat Jtffl^I*« fron ponds, ItkiV or
ltrg« rivers will bu collectad froa a boat or raft so that a position can
be established trtally for adaquata eharactcrUatloa of sedlnant
coapositloa.
Staples will be collected and immadiately placed la the staple conttin«rs
appropriate for th« analysas to ba p«rform«d. Staple containers for most
aaelyses will be placed la standard gltss jars. Staplas for volthiUorgaaic eoapouad analysis will ba placed In VOA vials. The typo o£ allaers used will depaad on the analyses to ba p«r£oraed. For all aamplUg
tpplicatioas astcapt metals analyses teflon cap liners will be used. For
mat tli analyses» tsfloa or plastic cap liners will be used.

5.2 Staadard Procedures
5 .2 . 1 Consult the project stapling progrua tnd select the staplelocation. Beeord the staple poiat orlentatloa oa a map or plan oc

the strata* brook or lake.
5 .2 .2 Using the weighted manuring tape, obttla a measurement to the

bottoa of tha streta, rlvtr or pond. Enter tha depth on the
Sedlaent Saaple Log showa la ttble 1.

5 . 2 . 3 Use appropriate sampler ( i . e . , shovel, trowel* or dredge)
to sarnnle jtpdime^t.

5 . 2 . 4 At the completion of work at each sediaaot stnpla point, the
saapllag aaterlals ( i . e . , tcowels, shovels, dredges tnd basin) must
be decoattaiaated prior to the start of stapling at the next point.All daconttaiaatioa procedures shall be perforasd la accordtnce witthe SOP 7600 Oscontaaiaatioa.
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Tide:
STANDARD OPERATING PROCEDURE

and Stc««-Bottoa S«dlm*at Simpllnj Revision: U4'

iiii

6.0 Documentation
A tUld notebook will b. malntalnad Into which »U obi.ryatlon. during sampling
will b« ant«r«d. la addition, 4 Stdlmat S«pl. Log will b« compl«t«d i!oc each
point.
All i4»pl* volum«§ and bottU typ«» will b« notad and all bofetlt* will b«lab«l«d at th« polat of colUctlon. Chala^of-cuatody eo«M will ba completed
foe «ach »eoup of faaplas, by contalnae, prior to traoaport off-*Ua and at a
slalaua ai th« and of aach flald day.

7.0 Eaf«c«nc*c
BPA, Handbook tor Sampling and Saopla Pc«««rvation ot Watar and

SPA-600/4-82-029, Saptombar, 1982

O

O
O
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Title: STANDARD OPERATING PROCEDURE Page
Dace:
Number:
Revision:

of

PROJECT NO.

TABLE X
SEDIMENT SAHPL8 L'<fc

PROJECT LOCATION
SAiffLl POINT NO.
DATE

SAHPtf POINT DESCRIPTION/DESIGNATION

TTP« OF SUETACE VATM SOUHCR
DIPTH OF SUBFACB WAtSt 0 SAMPLE POINT
DESCaiPTIOM OF SEOIHBNT

INSPECTOR*S NAM8
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APPENDIX VI

SOP 7 3 1 5 OPERATION/CALIBRATION HNu
PHOTOIONIZATION ANALYZER
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STANDARD OPERATING PROCEDURE
OpecAtlon/Cslibtttion HWu PbotoionUation Analyzer

Page 10f 6

Date: lit Qtc ;
Number: 73^5
Revision: 1

II1
llllllIIIII

1.0 Geaeral Applicability
This SOP describes the operation «nd calibration techniques uted for
the Hodel PI 101 PbotoioaUatioo Analyzer, asnufsetured by HNU Systen*.
loc. This lastruaent i* dasigaed to MAsur* organic vapor levels.th«r« AC* thr«* dirtet raiding ru|««: 0*20 ppe. 0-200 pp« and
0-2000 pp« At A •laiaun («la. Th« d«ttetiao littitt is 0.1 pp«. Th«lla«AC rug* is 0-600 ppa. th* r*spoas* tlm* is l*ss than S «*eoods to

of full «e«l*. (All sp*eiftCAtioos tc* b*ac*a* r*f*rr*d).
Th* PZ 101 is cApsbl* of op*r*ttn^, *ith*r from A r*chArg*Abl* b*tt»cy
for «oc* thAB 10 hours or eoatlouously froa th* AC bAtt*ry chacgac.th* r*eord*r output is o-ioo KV PSO <full ICA!* d*fl*etioa).

2.0 Iospoasibiliti*g
2.1 Th* project gtologlit or «agin**r will b* r*spoaslbl* for th*

CAlibrstioa. op*rttioa «ad aAiat*aAaca of th* iastruacat.

O
O
CM
O
O

2.2 Th* geologist or «agia**r tnd/or fUld coordinator will b*r*spoaslbl* for th* docua«nt«tioa which tppll*s to th* various
procedures performed with the iostruoeat.

3.0 Supporting Material*
• NBS - TfsceAble spaa gas cyllad*rs:

10 ppai X*obutyleae la 2-1 air. OUS90
ISO ppa I«obutyl«n* la 2-.I air

• Tcdlar bags
• fubiag used for gas traasfer from cylindar to bag (if necessary)
• AC battary charger
• "asgie aarie*rM

• appropriate fora*
e activated charcoal

4.0 Methods or Protocol for Ui*
4.1 Standard Procedure
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1 STANDARD OPERATING PROCEDURE
TUU: operation/Calibration HNu Photolonlzatlon Analyzer

I

Z 6
Datc: 1st Qte isNumber: 73,
Revision: ^

I
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4.1.1 Operation sad calibration of the instrument should be donein ft controlled environment; i .e . . ' In the field office,
interior of vehicle, etc. Ibis Is done in order to controlworking temperature, and to protect from vehicle exhausts,
etc.

4.1 .2 The probe nortie, electrode ctsing handle, end cable ere
stored within the Instrument cover. To assemble, the
handle eiust be screwed to the electrode easing. The probe
nozzle wist be screwed to the opposite end of the electrode
casiaf. The 12-pin connector at the end of the cable must
then be attached to th* rest of the unit by twisting It
downwards until a distinct snap and lock, is felt. The unit
Is now ready to be used.

4.1 .3 Prior to calibration or use of the Instrument the unitshould be allowed to warm up for up to one-half hour. la
this time, cheek to see If the UV light source is working.
Do not look directly at the light source. Also cheek to
see If the Intake fan Is working properly. It Is within
the electrode casing and will give off a distinct hum when
the unit Is turned on.

4. 1 .4 Check to make sure the level of charge Is high enough to
eusuro accurate readings. When the iastruaent Is switched
to the BATTERY CHECK position, the needle should deflect
upscale to well within the green ar«a (battery level) on
the faee of the meter. If not. the unit should be charged
using the AC charger. A 3-hour charge will bring the unit
up 90% full charge. With continuous use. ( e . g . . unit left
on for a full day), the unit should be recharged overnight
for 8-10 hours.

Calibration and Maintenance
4 .2 . 1 Calibration should be done at th* beginning

of eacb day the Instrument is used, to ensure accurate
readings over the full range of scale that is to be
needed. Two cylinders containing Isobutylene of two
different, known concentrations are 10 be used as
calibration gases. If only one cylinder is available. It
should be of high enough concentration to be within the
ezpected range under noraal use.

oo
OJoo
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Operatioa/caibr»tloo HMu Photoiooization Analyzer
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®*tcl 1st gtrlumber: 7315
Revision: ^

4.2.2 the lastrumeat should be given the dynamic zero check by
coaaectieg tbe activated charcoal cennister to the lnl*t
probe, uslag flexible tubing. while operatiag the
instrument la the sampling mode. Wait for a stable
response, *od thaa adjust tbe zero potentiometer until «zero reading I* obtalacd. ThU c«ro cb«ck should b«p«rfor««d b«for« and *ft»r «tcB etllbratloa. th* ehAreo
la tb« c«ool»t«r ihould b« r«pl«e«d «t l*Mt ooc« «v«cy S

4.2 .3

4.2.4

4.2 .3

4 . 2 . 6

Actual cmllbffttloa Is doa« by first filling «a «v*eu«t«d
Ttdlar b*g with g«s frosj tb« calibratloa gt* eyliad«rcoatilolog tb« higb«st g«c cone«atr»tloa. Us« tb«
availtbl* tublog *nd «ay oth«r hookup a^tcrUls that tc«
provided. B« absolutely sura tbat tb« Tsdla? btg has ba«n
avaeaaUd bafora filling it with gas. Otbarwisa taa
eallbratioa g*s will ba dlluttd aad It* eoaeaatratloa willnot ba known,
Tba appropriata *ntlyt«r seala should ba ehosaa dapaadlag
on tba known concaatratloa of tha eallbratioa gaa. Attachtaa proba nonla to tha Tadlar btg and allow it to Utopia
tba gftfl uatll a stabla. uaehaaglag rcadlag is reported by
tba taalycar. Adjust tha aptn pot«ntiamatar so that thaiastruaaat rtadlag *gr«as axaetly with tha concaatratioa
tha eallbratioa gts. Whaaavar tha *P»n sattlng is changedtha xoroing procedure (Section 4 .2 .2 ) *hould ba repeated.
tha calibratloa procedura should ba repeated for tha other
calibratioa gaa provided to ensure that tha instrument is
calibrated properly over a wide range of scale.
All eallbratloa checks aust be documented on the
appropriate fonu (calibratloa faro, equipment status fora)

4.3 Staadard Operation
4.3.1 After the inatruaeat is fully calibrated it is ready to be

used. To obtain the oost accurate reading, the lowest
possible scale should ba selected prior to saapliftg. To
analyze a saaple, the probe nozzle should be placed Inclose proxlalty to the soaple taking care not to
contanlnate tha probe with aay materials (soil, water).

4.3.2 All raadlags should be documented oa tbe appropriata forms
(staple log, sample container label).

COoo
CM
O
O
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Revision:

1st Qtr 19 r

4.3 .3 A **m*sic «ark«r" is provided to chsck aster responseperiodically. When the probe is lnt«ct«d into th« m»ck«c
cap or a«st to th« «*ck«c tip a r««dins of about S ppm•hould b« obt*ia«d. Sh«lt«r th« pcobt sad marker fcoa any
wlod wh«a p«rfocmins this tost.

4.3 .4 M«t»c ealibratioa should b« eh«ek«d by tho aathods ia 4.2at th« «ad of th« day* and aaf approprlata chaasss aad« and
doeiuMBtsd.

5.0 OoeuasatatloB
5.X rUld/Lab tqulpa«at status Coca
5.2 KKU PI 101 rsealibratioa fora
5.3 all doeuaaatatloo shall ba rataiasd ia th* project fllss.

6.0 tafaraoess
Instruction tfamial for Modal PI 101 Fhotoionization Aaalyxar. printed
by HHU Systssu. Inc.. 1975 .

ON
Oo
CM
O
O
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STANDARD OPERATING PROCEDURE
Tille:

 0p«atl«/C.libMtloa HHu Photolo«U4tloB toiler

Page 5 of 6
Pale! 1st qtr 1Number: J
Revision:

Project Nastt/Ko

Calibration case*:

l*b>
Bttt«ry CU«ck: (T. H),
Z«CO Adjust: (T, 4)—

HNU PI 101 RSCALIBRATXOM FORM

ID Huab9C_

Ktcallbratlon Oat*
TIM __________
By whoa
(ftncantratloo

(Init)

O

o
CM

hrs O
O

i
Fir*t
(ui« hljh«if itandtcd gas)

Span Setting: Initial
FU*i _

Post Calibration Z«co Adjust: <Y. M).

Oasisnafcad Saadlag

Observed Reading

Post Spaa Observed Reading

optn

Second Callbration
(use lower standard)

Final Zero Adjust: (T. N)

Calibrated By:

Designated Reading

Observed Reading
Second Recalibration Needed <Y. N)

ppm
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SOP 7 I J 5 SUBSURFACE SOIL SAMPLING
SOP 7 2 1 0 ROCK-CORE DRILLING

SOP 7 2 1 1 LOGGING OF ROCK CORES
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STANDARD OPERATING PROCEDURE
Subsurface Soli Stapling

Page
Date:
Number:

of1

1.0 General Applicability
This SO? describes the methods used in obtaining subsurface soil staples for
identification of soil jrtin-sltt distributions, fltratigraphie corrections, ancchemical analysis (If required)* Subsurface soil saaples are obtaintd in
conjunction with soil boring and aonitoring-vell Installation programs tndprovide direct information as te the physical makeup of the subsurface
•nvironatat. This SOP covers subsurface soil stapling by split-spoon only, aa
this is the aeaaa most often used for obtaining staples from unconsolidtteddeposits. <Se« also, SOP 7220 - Monitoring Well Construction).

2.0 Kospoasibllltloe ^
It shall be the responsibility of the contract driller to provide the ntc^sarymaterials for obtaining subsurface soil staples. This Includes the
stapler and staple containers <slzed according to project requirements)
as the appropriate boring logs. It is the contract driller** responsibility tcmaintain a complete set of boring logs for contract purposes. Standard o
Penetration Tests (SPT) (ASTM: 1586-67) will be conducted by the contrtct
driller if required by the project, equipment decontamination shall also be ttresponsibility of the driller.
It shall be the responsibility of the project gtologist/engineer to obstrve ai:
activities pertaining to subsurface soil stapling to ensure that all thesttndtrd procedures tre followed properly, tnd to record til pertinent dttt on
boring log. It Is tlso the geologlit/tnginter's responsibility to indicate to
the contract drilltr tt whtt specific dtpth simples shall be collected. The
geologist/engineer will maintain custody of til staples until they art sh ippedto their tppropritte dettlnation.

3.0 Supporting tutorials
In addition to those materials provided by the contrtct driller, the
geologist/engineer will provide:

o analytical staple bottlts tnd labelso boring logs
o field notebooko chala-of-custody forma

VII-
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Subsurface Soil Sampling

Page 5

uNumber:
Revision:

lit qtr
sop 7

4.0 Hethoda or Protocol foe Us*
A.I General Procedures
The ssopllng depth Uterval it typically one (1) sample per every five (5)vertical feet with additional sample* taken, at the discretion of the projectgeologist/engineer, when significant textural, visual op odor changes are

the following ere the steadied procedures to b« used la advancing casing and
obtaining soil staples.
Specific requirements described In a project's task plaa aay call for dvvUtiorr
la th* standard procedures but these will be taktm Into account on a projvtt by
project basis. Any deviation? froa specified procedures will be recordedvort tix-
borlnt; log. o

4.2 Standard Procedures * Advancing Casing CM
O

4.2.1 Th« casing shall be advanced to the required depth. All looseOmaterial within the easing shall be removed prior to stapling., theeasing shall be advanced according to project requirements. Borings
are typically advanced by two methods, drive-end-wash easing, and
hollaw-stea augerlag. The casing shall be of the flush joint orflush couple type and of sufficient size to allow for soil saapUng.
coring, and/or well Installation. All casing sections shall be
straight and free of any obstructions. Hollow-stea augers or solid
flight augers with casing may be used according to specific project
requirements as described la the project task plan. If hollow-stein
augers are to be used, the bit shall be equipped with a plug dev ice
to be removed at the required sampling depth.

4 . 2 . 2 Por those borings which encounter obstructions, the casing shall to
advanced either past or through the obstruction by drilling,
Mechanically fracturing* oc blasting (If required). If theobstruction is bedrock, a rock, care shall be taken according toproject requirements and following the standard procedures for cocic
coring (SOP * 7210) .

4 .2 .3 the use of reelrculatcd water shall not be permitted when casing is
being driven, unless specified In the project task plan, directed i
properly documented by the geologist/engineer.

4.2 .4 If reclreulated water U used all loose material within the casing
shall be removed by washing to the required tampling depth using A•i a I stum amount of water. Care shall be taken to Unit reclrcuUtic
of the wash water to those times when the water supply is extrtmely
limited or unavailable.

VIl-2
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Subsurface Soil Stapling

Page of
Date:
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Revision: SOP 71:

4.3 Sttndtrd Procedures - Soli Stapling
4 .3 . 1 Subsurftce soil staples shall be obtained using a split-tube typ«

stapler {split spoon) having a 2-inch O.U . with a corresponding l
3/8-Inch 1 .0. and a 24-inch long staple capacity. It shall be
equipped with a ball cheek valve and will require a flap valve or
basket-type retainer for loose-soil stapling. Stapling frequency
will be as stated la Section 4,1, or as otherwise specified in th«project task pita.

4 .3 .2 Stapling depth shall be Independently determined by the Infpectftnggeologist, and aay discrepancies shall be resolved prior 'cothe saaple.
4 .3 .3 Staples shall be obtained using the staaaar* penetration test CS?

which allows for determination of resistance within the deposit.
The stapler shall b* driven using a 140-pound haaaer with a vertical
drop of 30-inches using 1 to 2 turns of tae rope on the cathead. A
certificate indicating exact weight aay b« required for docmnentatior
purposes. The nuaher of htaaer blows required for every 6 Inches ofpenetration shtll be recorded on the boring log.

4 . 3 . 4 The stapler shall be Immediately opened upon removal froa the
easing. If the recovery is inadequate, tiiother ttteapt shtll be ma<i<before drilling progresses. Adequate recovery should be no less tJia.;
12 Inches, not Including tny residual wash material brought up withthe saaple.

4 . 3 . 5 The staple shall b« split if neeesstry. placed in the appropriate
container, labelled, tnd placed in the storage box. The boring '.egtnd the staple conttiner/ltbel should contain the following
information, for each staple: site ntoe, boring location, depth. bU
counts, recovery, staple number tnd collection dtte. The type of
aaterlal shall be Indicated in the boring logs tnd will be descn
using the Unified Soil Cltssification System, <A5TH: 02487-69 and024flfl-69>.

4 .3 .6 tn« stapler shtll be cleaned with wtter between ttttapts in ordtr to
prevent cross-contaminttioa. If further decontamination is requiredSOP 7600 shall be consulted.

4 . 3 . 7 Proper procedures for delivery to the designated laboratory shall be
laltlateu when all samples tre collected. This includes ptcktging.shipping with staple logs, analysis request forms, tnd chain ofcustody forms.

VII-3
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I

S.O Docuawafcatioa

•upl* log*borlag logg
chain of custody fora*•hlppUl forms

proj«tIIIII
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Rock-Core Drilling

Page of

Daws i ^ -.Number: ll?_?*
Revision:

1.0 Purpose* sad Applicability
This SOP describes the methods used for obtaining rock core staples forestablishing the stratigraphy, structure, tad geotecnnlcel properties of the
rock.

2.0 Responsibilities
It la the responsibility of the contract driller to provide the necessaryequlpsMat for coring end to collect the designated • tap lei,
It Is the responsibility of the project geologist/engineer to observe th« cart
operttloa and to log all cores that are. collected using the approved foefis.

3.0 Supporting Materials
o
CM
OAll drill rigs used for rock coring shall be equipped with hydraulic fee£,Driven or drilled-In flush joint easing shall be employed. For driven casing.it say aot bo necessary to record the casing blows. Drill rods for drillingrock should be MW la size to alnlalce vibration and chattering. Rock core titshall be MX or HQ (Wire Lino) or as required by tht Project Task Plan, care

barrels shall be of the laproved double-tube varieties such as the Chriit*ns««
Series C or 0 aw dels or equivalent, and shall be equipped with a split Innertube. Xa general. S-foot barrels will be employed at.the discretion of theInspecting geologist.
Gore boies shall be provided by the contract driller for storage purpose* .

4.0 Coring Procedures
4.1 General Information

4.1 . 1 Typically, soil sampling and rock caring will be performed in tha
saae borehole. Casing shall be required for the full depth of t.-.e
overburden la borings la which rock will be cored.

4 . X . 2 The Inspecting geologist may allow the use of drilling mud toadvance the boring for unusual combinations of soil and ground-u&t
conditions. Prior to commencing rock drilling, however, casingshall be Inserted la the (Budded hole and firmly seated la rock.
Biodegradable drilling fluids such as Johnson's Revert shall be
used* Other fluids, such as bentonlte slurry, Is subject to theapproval of the project geologist or his delegate.

4.2 Procedure
4.2 . 1 Casing shall be firmly seeted Into the bedrock surface prior tocoBBeaelng rock drilling. The drilling methods employed shall b«

adjusted continuously to obtain maxlmusi core recovery of the rocfe

VII-6
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4.3 Staple Handling tad Storage
4.3 . 1 Upon renewal of the core barrel from the drill hole, the split inai

tub* shall be removed and opened And. If necessary to facilitate
accurate loislog. th* core shall bo washed while It rests la the
liner half. Care shall be uf*d la washing to avoid removing imallpieces of core or toft Joint or vela fllllags. If the rock is sof
friable* or otherwise erodable end. la the oplaloa of the Inspect!:
geologist, washing will damage the core, the washing process shallbe omitted.

4.3 .2 The core shall be placed la woodea boiee specially construct*! tohold aad store rock core*, the core shall be placed la the core b
with the top of the run at the upper left cocaer aad the regaining
core placed sequentially fro* left to right aad from the recr~(ne*rest the cover hinge) of the box to the front. o

CM
4.3 .3 Wooden block* marked with the appropriate depth and run number jh*

be placed between each separate core run. la addition, wherever
core la lost due to the presence of a cavity or large joint (openfilled), a spacer shall be placed la the proper relative position
the core bos. The spacer shall be the same length as that of thelost core aad the depth range shall be sacked oa the spacer alongwith the reason for the mlssiag core (e .g. , cavity, large joint.
etc.)

4 . 3 . 4 the core box shall be marked oa the top and two ends with the
client's name* site identification, boring number, depth range, i;
box number, the &QD shall be indicated oa all core boxes.

5.0 Documentation *
S.I the Inspecting geologist shall prepare a field boring log of each boring

the boring log shall be kept current. la addition to the data entries
acted, the Inspecting geologist should be careful to observe tnd note inof the following:

Information on any blocking or grinding of the core during the ru
* Changes la color or flow rate of the return weter;
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belag drilled. This will involve careful attention to the rates of
feed and rotation and the rat* of flow of drilling fluid. These
rates shall be adjusted aa necessary to maximize recovery. Typts c
bita shall alao be carefully selected as to diamond size, matrix an
the configuration of the bit face and water ports, to as to produce
the maxiama recovery for each type of rock, Tha inspecting
gaologiat may require that the Hype of bits be varied ia «acb hole
as different rock types ara encountered, la no es.se shall woca or
daoagad bits b« usad. Cora* llftaps shall b« ehaekad aad r«plac«d t
sooa, aa axeaaaiva- w«ar ia avidaat.

4.2 .2 Tha> inspecting gaologUt shall mak« an indep«adaat d«t«miaatton 01depth o«4fturaacats aad check his detenaloatloos wita those miie by
the drilling for team. Any discrepancy shall be resolved l& etl«
field aa eooo as it is discovered. All depth neasurvaents a l̂i b
•ade in feet and tenths of feet. ^

4 .2 .3 Svery effort should be made to use clear water as a drllllngSluidtn the event that this is impractical* reeireuleted water ota^be
used at the discretioa of the inspecting geologist, providing a
settling tank and filtering systaa Is provided. If drilling mud 1used to advance the boring through the overburden, the hole shall
washed free of all mud prior to the eooneneement of rock drillUr

4.2 .4 To minimize core losses In soft. «rodable rock, the following
measures shall be raquired by the inspecting geologist:

- Drilling shall be restricted to short runs of 2 to 3 fe
- Drilling water pressure shall be kept low (under ISO p;*
- Feed pressure shall be kept under 100 psi.

4 . 2 . 3 Split-spoon drive samples may be taken in any zones where It is ru
possible to drill and obtain satisfactory recovery of soft tcodats
rocks. Satisfactory recovery for this purpose Is defined as SCT. c
greater.

4.2 .6 The inspecting geologist shall not permit a, full coring run to be
drilled If he suspects core was left In the hole oo the previous
rua. If this Is believed to heva occurred, he shall direct that
next coring run be shortened by the length of core believed to hi
bsea left In the hole. This is necessary to prevent blocking the
core barrel 4nd grinding of the core.
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' •

Any unusual action of the drill cods, sudden chattering of the core
barrel, rapid drop of the drill rods. etc.

other Information to include oa the boring log shall be:
Elevation of bottoa of casing when seated oa bedrock.
Type of core drill. Including sice of core.
Length of core recovered for each length drilled, with resulting
percentage of recovery.
tie vat ion at which rock was encountered. v-CM•levatloa of each change in type of bedrock. o

Elevation of any depth of drilling at which drill water is lo^t
making borings. °O
time) required to drill each foot.

In 1

5.2 The bedrock shall be described In accordance with the procedures outlined |
in the SOP 7211 (Logging of Bock Cores) and will include:
1. Type: Granite, slate, shale, limestone, gneiss, sandstone* etc .

• 2. Condition: Broken, fissured, laminated, jointed, massive, a te .
3. Hardness: Soft, hard, medium hard, very hard. etc.

S.3 The Inspecting geologist shall identify the borehole by marking the
Identification number of the borehole oa the cas ing.

5.4 All documentation shall remain In the project files for an indefin ite
period of time following completion of the project.

VI 1-9
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SOCK CORE SAMPLE LOG

PROJECT NO.
OATS ____

PROJECT HAKE

SITE LOCATION/BOEING NO.
MONITORING WELL INSTALLED <Y, N)

TOTAL ORPTH

BORING LOG <Y» H)

LENGTH OF CORE
RECOVEflr % __
CORK BOX HO.

CM
CM
O
CM
O
O

8QUIPHENT USRO
COLLECTOR'3 NAME

TOTAL TIKE HBS,

SOCK DKSCilPTION: TYPS/MAME
COLOR __
DENSITY/HARDNESS

STSUCTURAL/teXTURAL

COMMENTS

LAB OISICNAIIOM
rURTMEX ANALYSIS (TYPE)
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Logging of Sock Cores

Page jf 6

!SL, lt^ l

Revision: ^

1*0 Purpose and Applicability
This SOP describes the procedures for tbe logging of rock core in order to
provide a written description of tbe rock conditions encountered in individual
test borings. The basic objective of describing rock cores is to provide a
concise record of important geological and physical characteristics of the rock
core sucb ass rock type/name, litbological/structural features, any physical
condition*, including alteration, and any special geological, itineralogical, or
other feature* pertinent to interpretation of tbe subsurface conditions.

2.0 SetpoasibilUie*
It shall be tbe responsibility of tbe project geologist/engineer to aaint&k
accurate records of all core saaples that are collected and also any"corirtjattempts which fail to retrieve a saaplc. CM

O
O3.0 Supporting Materials

e Soring logs
a Hand lena for close Inspection
e Marker for labelling
e Core boxes (usually provided by drilling subcontractor)
e Dilute hydrochloric acid
e Rock haotter and pen knife
e Six-foot folding rule

4.0 Logging Procedures
4.1 General Information

Tbe following features shall be noted for all rock types:
color, grain size, grain shape, and the mineralogy of the grains;
attitude of bedding, cleavage or foliation planes, and the ease ofsplitting along such planes;
the attitude and dagree of jointing, whether open be filled, as u«i:
aa evidence of shearing, crushing, or faulting;

VIIH2
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II
''I

'I

at .U.r.tU. o. w«th.,M«. *———•• °< «» Mek- "dSLfKiSn^^1"1rj <-—-i'"ti8o> foeta °c uc"-r.trrr-.^----«
Include:
^ nasai or generalized group

color;
ld«atlf ientioa of th« m*ior
amount of aaeti »lnaral

and aa estimation of th«
astlmataa may b« us*d)^nCM

tvxtural Information and tcztural variations Including m
orientations, grain shapas, iat«f(rQWths, dascription of
phcaocrysti, and jraia-slia iafocmatloa;
largar structural faatucas suca as iotating, flow banding dipof bads, contact ralattonships, natur* of caataAocphisn, %nd irvy
hydcotharmal af facts;
any waatharlng or aachaaical chaeactacistics.

4 . 2 . 2 la tha fiald. ignaous roclci should b« classiflad according to
tcztur* and ainaralogy/ color to arriva at & gcnaralizad group nan« ( f o e
axaapl*. granita, anorthosita or basalt). Ftald dascriptions of
cataclastlc rocks shall Includa inCarmation on th« natura of tha
cataelasls, tha typo of original rock, sita of blocks or elasta.
of gougv, oiaaraliiation, aad tha width of £ona ( s > .
4 . 2 . 3 If a datailad patrographic txa&ination is parformad. a mor«
classification systaot shall b« utilizad.

tgaaous rocks shall b« classified according to nomanclaturaracomaandad by tha IUGS Subcoimission on tha Systamatics of Ign«aua
( 1973) .
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ttetaasrphic cocks, with th« «se«pfcfan of c»t«el«tfclc rock* «h.n Kcl...lfl.d .ccordln, to th. B.n8.p outlia.d Ulr.vi. a&«ln.r»l nun. should pc.ftx a itructur.l t.ra (.., * '„.?
.ehi.t or au.eovit.-blotit.-qu.cts ««.l«;™h. gl.ill "
«.« for rock, that c.Ul. th.lc orisln.i'f.bric' ."'.
C»t.elMtlc cock, .hould b. cl.».lfl.d teeordi^ to mggin, ( 1971 ) .

4.3 S«dim«atary Xocka
* .3.1 A tjrpic.1 d..«rlptlo. of a .•dta.aur, coek ,h.u lnclu<U:

ata«;
color;

vO
CM
O
CM

t«xtur« of tho rack, including any Information on grain $Tz*(s)
and id«ntification aod «ittoak«* of amounts of ainarals ^tfosails;

inforoatioa on lithifIcatloo *nd dltg«n«ali, stdlaaatarystructural, and stratisraphic ralatlonthipi;
th« naturn of th« ccmtntlng material occupying th«intargranular spaces;

• any sadiaantary structures including a description of tha
bedding, and tny featurdi which are useful in determininggeopetal relationships;
a description of the w«4thering And engineering propert ies .

4 . 3 . 2 Classification of saditnenfcary rocfcs . both la core and in the fi
should be based upon grain siza (W«ntworth. 1 922 ) . color or mineralogyhardness;

4.3 .3 If detailed petrographic «taaination is performed, one of the more
dealled claisification systene should be used, the system by Folk ( 1 9 7 4 )it suggested.

5.0 Special Testa/Analyses

5.1 Numerous analytical techniques are available to ass ist the core logger inhis exaaiaatioa of the rock core. These include:
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thin section analysis;
*rt

chemical analysis;
cadiometrlc age determination*;
other special tett*.

3.2 Samples to be testad or analyxed shall be selected and transmitted inaccordance wlta required procedure*-.
6 . 0

6.1 All dMeelptlv* data shall b« aotad oa th« f in«l/i«olosic boring b7•up«rvlaio« (*olo|lit(s> for eorv
O

ft. 2 All final boring log* shall b« rcvUwcd by th* §it« or regionalto at«ur« eo*pl«tan*s« and technical accuracy. O
6.2. 1 Any chango, addition*, or delation* to the log* Jhall be made so
that the original entry (word* and/or nuober*) i* still legible. Under no
eircoaskaace* will any eraiure* be allowed. If exten*iv« deletions and
addition* are necessary* then a second boring log fora may be attached to
th* original and labelled with the original sheet number and a small "Vafter taid number.
6 .2 .2 Upon completion of this review, the site or regional geologist shilt
initial and date the "Checked by" section of the boring log.

6.3 All documentation shall remain in the project files for an indef inita
period of time following completion of the project.

VII-15
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ROCK CORS SAMPLE LOG
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PROJECT NO.
OATS _____
SITS LOCATIOH/BORING NO,
MONITORING WILL INSTALLED <T. N)

TOTAL DEPTH
LENGTH OF CORE
RECOVERY % __
CORS BOX NO.

EQUIPMENT USED „
COLLECTOR'S NAME

TOTAL TIKE

PROJECT NAHB

BORING LOG (Y, N)

HRS.

00
CMo
.o.o

I
ROCK DESCRIPTION! TYPE/NAME

COLOR _
DENSITY/HARDNESS

STRUCTURAL/TEXTUHAL FEATURES

COMMENTS

LAB DESIGNATION
FURTHER ANALYSIS (TYPE)
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1.0 Applicability
This Standard Operating Procedure (SOP) is concerned with the
collection of valid and representative staples from ground-watermonitoring well*. The scope of this document is Halted to fieldoperations and protocols applicable during ground-water staplecollection.

2.0 Responsibilities

The sit* coordinator or his delegate will have the responsibility tooversee and ensure that all ground-water sampling Is performed In
accordance with the project-specific sampling progr&a and this SOP. tn
addition* the site coordinator oust ensure that all field workers arefully apprised of this SOP. The field tsaa Is responsible for proper•ample handling as specified In SOP 7510 , Handling and Storage ofSaaples.

3.0 Supporting Materials
The list below Identifies the types of equipment which may be used fora range of ground water-stapling applications. From this list, a
project-specific equipment list will be selected bastd upon project
objectives, the depth to ground-water, purge volumes, analytical
paraaeters and well construct ion. The typas of sampling equipment areas follows;
e Purging/Sample Collection

Bailer*
Centrifugal Pump
Submersible PuapPeristaltic Pump

e Sample Preparation/Field Measurement
pH Meter
Specific Conductance Meter
Filtration Apparatus
Water-Level Measurement Equipment

Additional equipment to support sample collection and provide baseline
worker safety will be (required to some extent for each sampling task.
The additional materials are separated into two primary groups:
general equipment which is reusable for several samplings, andmaterial^ which are expendable.

O
CM
O
O
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General
Project-specific sampling progran
Goggles or equivalent «y« protectionruU- or h»lf-ta*»it ct»plc»toci
0«ionlt«d-wat«c diipaast? bottU
M«th«nol-dl*p«as«r bottl*
ri«ld d*t* §h««k« tnd/or log book
Prosorvfttioa tolutioas
Saapl*
Buck«t«
Coolers
rlfit-Ald kit

M»fe«citls
Cord

Rocplrator Cictcldjti
Glovestf4t«c Filters
Ch««lc4l-fr«« pftper towels
Plastic sheets

OJ
tA
O
C\J
O
O

4.0 Vftter-Cevel Heasurtment
A.I introduction

After unlocking and/or opening 4 monitoring well, the first task
will be to obtain a water-level measurement. Water-level
measurements will be made using an electronic or mechanical
device. Electronic measurement devices will be used in all wells
wherein a clearly audible sound cannot be produced with a
mechanical device.

VIII-2
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4.2 Well Security
Unlock ftad/or op*a the aonltorlng well, later * description ofcondition of the security systesi tod protective casing oa theGround-Water Sample Collection tecord shown la Tftble 1.

4*3 Measuring Point
Istebllsh the Measuring point for the trail. The Maturing pointlocfttlon should be clearly aurked oa the out*roost casing or
Identified la previous «aapl« eolleetloa record*. If no «ee«uclntpoiat cftfl b* deter-ilned, ft (M«iurla$ point should b« estebllshed.The aeftsurldi point should bo ft point which Is. or eea easily be
trftospoied vertlc«lly to. the- survey eoatcol point for the well.
Typically the top of the protective or outermost well casing will
be used «s the measuring point, the tMftsurlng point location
should bo described oa the Grouad-Vftter Siaple Collection Record.

4 .4 . Meesureawat
To obtala ft Wftter-level meftsurement lower a decontealnftted
meehftnlcftl or tn electronic sounding unit into the ooaltorlngwell. Cftre auct be taken to Assure that the weter-level
aMftsureneat device hengs freely in the aonltorlng well and Is nitAdhering to the well of the well casing. The water-lev*1
tuesurlng tape will be lowered Into the well until the audible10,.ad of the unit Is detected or the light on an electronic
sounder lllmminate*. At thia time the precise eaeesurement shouldbe determined by repeatedly raising and lowering the tape to
coaverge oa the exact ooftsureaent. the Wftter-levol measurement
should be eatered on tho Ground-Water Sample Collection Secord.

4.5 Decontamination
The measurement device shall be decontaminated immediately afteruse. Two persons are usually required to perfora
decoatftBlaatioa. Two handfuli of ch«mical-fr«e papar towels will
be obtained end one of which will be soaked with methenol. AS the
tape or line Is rolled back onto the reel by one person, the
seeoad will wipe all free liquids and moisture frota the tape or
line with one towel closest to the reel* and follow with ft secondwipe of methenol ft few inches behind.

5.0 Purge-Volume Computation
All SKJnltorlng walls to be purged prior to saaple collection.
Depeadlag upoa tho ease of purging. 4 to 10 volumes of ground water
present in a well shall be withdrawn prior to sample collection. The

to
m
O
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O
O
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volumo of water present in each well shall bo computed using the twomeasurable values, length of water column and monitoring well Insidediameter. The water column, length shall be computed aa shown laItem ?b of Table) 1. Tho monltorlng-well diameter may be obtained by
direct measurement ia tbo field or from tho boring log. Figure* l(a)and Kb) will be used to compute tho well volume. Tho one (1) wellvoluite shall bo multiplied by tho appropriate factor (I.e. 4-10) to
obtala the total purge volume.

6.0 Application* of Well-Purging and Sample-Collection Method*
6.1 Introduction

Purging must be performed for all ground-water monitoring wellsprior to sample collection. The following sections explain the
procedure* to be used to purge and collect samples from monitoringwell*.
Three general methods are used for well purging. Well purging may
b* achieved using bailers, surface pumps, or down-well submersiblepttm$s.
In all ease* pH and/or specific conductance will be monitored
during pursing. Field parameter value* will be entered on the
Ground-Wuter Sample Collection Record along with the correspondingpurge vol.ume.

6.2 Balling
In maay caoe* balling may be the most convenient method for well
purging. The cost of bailers and their relative size allows that
uany be transported easily to be available for a field samplingprogram so that It is not necessary to dccontaainate or clean
bailers between sample points. The sfflall iit« of bailers allows
that complete cleaning be performed without extensivedeeontaml nation facilities.

mmmmmmml

40f I
lat Qtr

7130
0

^
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Bailing prevents two potential problem* with well purging. First,
Increased suspended solids may be present In samples as a result
of the turbulence caused by raising and lowering the bailerthrough the water column. Hlgb solids concentrations may requiretbat total suspended solids <TOS> and the chemical character ofsollde be evaluated during sample analyses. Second, bailing may
not be feasible for wells walefc, require that greater than twenty(20) gallons be removed during purging. Suea bailing conditions

VIII-4
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mandate that long periods be spent during purging and staple
collection. All ground-water collected froa oonltorlag «•!!•
subsequent volatile organic analysts shall be collected usingbailers. regardless of the purge Bathed.

6.3 Surface; Pumping
Ground-water withdrawal using pumps located at the ground surface
Is conaonly performed with centrifugal or peristaltic pump*.
All application* of surface puaptag will be governed by the depth
to the ground-water surface. Peristaltic and centrifugal pumpsare Halted to conditions where ground water need only be raised
through approximately 20-23 feet of vertical distance. The lift
potestlal of a surface pumping system will depend upon the net
positive suction head of the puaa and the friction losses
associated with the particular suction line.
Surface pumping can be used for many applications of well purging
aad ground-water sample collection. In all cases, pumping cannot
be used for the collection of samples to be analyzed for volatile
organic compounds.
6 .3 . 1 Peristaltic Pump

Peristaltic pumps provide a low rate of flow typically in
the range of 0 .02-0 .2 gallons/mid ( 7 5 - 7 5 0 ml/min). For
this reason, peristaltic pumps are not particularly
effective for well purging. Peristaltic pumps are suitable
for purging situations where a relatively long time is
available for purging. Peristaltic pumps will lift water a
maximum of approximately 20 - 25 feet. Peristalt ic puaps
are most often used for the field filtering of samples and
therefore they are moat often us«d to obtain water samples,
froa purged moaltorlng wells for direct filtration.

6 . 3 . 2 Centrifugal Pump
Centrifugal pumps are designed to provide a high rate of
pumping, la the range of 10-40 gallons per minute (gpm).
Centrifugal pumps can be used to pump at lower rates (1-5
gpa) l£ friction losses in the suction line are l&rge, the
pump drive motor '.s maintained at low speeds, or a valve is
used to regulate discharge.
When centrifugal pumps are used, samples will be obtained
froa th« suction line during pumping by an entrapment
scheme as shown in Figure 2. While pumping is ongoing the

V1I1-5
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coctaioaent valves will be cloaed *nd tonedlately
thereafter the pimp will be abut-off, the breather pluswill then be opened tad the seaple obtained fco» the
ctopcode, thte method will not be used for the collectionof * up lea for analyse* of volatile organic compounds.
two acthod*, direct connection or down well suction line
•Af be used for well purging and/or aeaple collection bycentrifugal puap*.
table 2 provide* a turnery of the advantage*. disadvantagesaad application* for each of the two Method*. o

4.3 ,2 . 1 Direct Connection

The Direct Connection nethod i* ueed to collectground-water seapla* with centrifugal puap*. A*with all pumping aethod* staple turbulence
preclude* the me of pimp tag for the collection of
saaple* for analyiea of volatile organic coapounds*
Direct Connection requires that a suction line
systatfi be constructed which will allow that saaple
collection be performed on the suction side of the
puap so that saaple contamination due to puap
contact Is olltalnated. in addition, the valve
system on the suction line will provide a
oeehaolss for the control of puaplng. Seen time
puap I a| stop* a value will be closed Irattediately
to prevent the return of watar to the well whichha* contacted the pump.

6 .3 . 2 . 2 Down-Veil Suction Line
Down-well suction line* are used where direct
connection cannot be made to the well riser pipe.
Down-well suction lines are used for applications
when purging should Include rais ing and lowering
th« suction tubing throughout the entire length ofthe water colusut.
The down-well suction line atthod basically
requires that; a continuous length of tubing beueed f?o*i the puap to the end of suction Una.
Por this reason, the nethod Is only uaed for well
purging beeaune saaplee can only be collected fromthe discharge side of the pump.
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6 .3 .3 Submersible Puap
Submersible puAps provide an effective mesas for veil
purging «od la some cases saaple collection. Submersible
puapa erst particularly useful for situations where the
depth to water table) is greater than twtoty (20-30) f««t
*cd tbo dcpfeb or dlta«t*r of th« woll r«quic«t th»t » ttrf*pur|« voluo* b« r«»o/«d during puffing. SubMtsibU pump*
*l<o provide • coatlnuouo disch«rg« which Allows that L«s*variability b« •aeouattrcd with <a«pl«* collacttd by this(Mtbod.

Th« Johasoa-Rtek puap aodtl SP-81 which has a i . /Sloca dlaa«t«r puap unit. Th« puap di«o«t«r rtstriets USA
bo Bonltorlag wolls which have losidtt diamottrs equal to orgr«*t«r than two (2) laehts. As with other puap-type
purge/sample eollecfcloa oothods, submersible pumps will notbe used for the eolleetloa of «amples for analyses ofvolatile organic compounds.

7.0 Purging- and Saaple -Collection Procedures
7.1 Bailing

7.1 . 1 Obtain a eleaa/deeontamioattd bailer and a ipool of
polypropylene rope or equivalent bailer cord. Uaing therope at the end of the spool tie A bowline knot or
equivalent throu|b the bailer loop. Teit the knot foradequacy by creating tension between the line and thebailer, tie again if npeded.

r-
m
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O
O

7 . 1 . 2

7. 1 .3

7 . 1 .4

Remove the aluaiatua foil wrapping from the bailer, and,while holding the bailer, place it inside the well to
verify that aa adequate annulus is present between the
bailer and the well casing to allow free movement of thebailer.

Lower the bailer to the bottom of the monitoring well and
raaove aa additional five feet of cord from the spool. Cut
the cord at the spool and secure the rope to the well head
or the wrist of the persoa who shall perform the bailing.
E*Ue the b&iler by grasping a section of cord using eachband alternately, this bailer lift method will provide)
that all of the bailer cord will not come into contact withthe ground or other potentially contaminated surfaces.
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Bailtd (round water will be poured teem bailer lato agraduatsd bucket to erasure the pursed water volume.
During sample collection bailee* will be lowered to thebottom of monitoring wells and withdrawn alovly through the
eatlre water eolumsu
Samples collected by balling will be poured directlystaple cootaloere frost ballert which are full of fresh(round water. During tuple collection, bailers will not
be allowed to contact the sample coatalaers.

7.2 Peristaltic Pump
7.2 . 1 Place a new suction and discharge line la the peristaltic

pump. Silicon tubing wist be ussd through the puap head.
A second type of tubing nay be attached to the silicontubing to create the suction and discharge lines. Such
connection is advantageous for the purpose of reducing
tubing costs, but only be done If airtight connections canbe aide. Tygon tubing will not be used when performing
well purging or collecting samples for organic aniilysls.
The motion line oust be long enough to- extend to the
static ground-water surface and reach further should
drawdown occur during pumping.

7 . 2 . 2 Measure the length of the suction line and lower it down
t~e monitoring well until the «nd is In the upper 2-5
Inches of the water column present In the well. Start the
pump and direct the discharge into a graduated bucket.

7 . 2 . 3 Measure the pumping rate in gallons per minute by recording
the time required to fill a selected volume of a bucket.
Plow a*eaureaeat shall be performed three times to obtain
an average rate.

7 . 2 . 4 The pumping shall be monitored to assure continuous
discharge. If drawdown causes the discharge to stop, the
suction line will be lowered very slowly further down into
the well until pumping restarts. The suction line will be
lowered to assure that the end of the suction line Is
maintained In the uppermost 2-5 inches of the water column.

7 . 2 . 3 Measuraents of pH and specific conductance will be madeperiodically during well purging. All readings will be
entered on the Ground-Water Sample Collection Record.

COtoo
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7 . 2 . 4

7 . 2 . 7

7 .2 . *

Samples will be collected after the required purge volume
has bcea withdrawn and the field parameters (ptt and
Specific Conductance) have stabllUed.
Whea the sample bottlea ore prepared, each shall be filleddirectly from the discharge line of the peristaltic pump.
Care will be taken to keep the pump discharge line from
contacting the sample bottlea. Grouad-watee samples
retiring filtration prior to placement la samplecontainer*t will be placed la Intermediate container* for
subsequent filtration or filtered directly using the
perlstatle pump. »
It each monitoring point when use of the peristaltic puap ^la complete, all tubing Including the suction line, puap Ohead and discharge line muat be disposed of. ta some case* CMwhere sampling will be performed frequently at the sane Opoint, the peristaltic pump tubing may be retained between oeach use la a eleaa tip-lock plastic bag.

7.3 Centrifugal PUAD
7 .3 . 1 Direct Connection Method

7.3 . 1 . 1 Sstabllsh direct connectloa to the monitorInj wellusing pipe connections, extensions, and elbowa.
with Tefloa* tape wrapping oa all threaded
connection*. t£ the centrifugal puap will
subsequently be used for *ample collection, asaaple Isolation chamber will be placed la thesuctloa line configuration as shown In figure 2.

7 . 3 . 1 * 2 Prlne the puap by adding tap water to the pumphousing until the houaing begins to overflow.
7 .3 . 1 . 3 Start the puap and direct the discharge into Agraduated bucket or a bucket of known capacity

( >2 . 1 gallons).
7.3 . 1 .4 Meaiture the puap Ing rate In gallons per minute byrecording the time required to fill 4 selected

volume of a bucket* Flow aeasurement should be
performed three tlaee to obtain aa average rate.PuapIas will be observed at ell tines to determineIf pumping ratee are continuousB fluctuating* ordiminishing, tf discharge stopt, the puap will be
throttled back to determine If pumping will
restart at & lower rate, tf pumping doee not

VlH-9
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restart, the puap should be shut off to Allow the
wall to recharge.
MetsuresMat* of pH end specific conductance will
b« ude periodically dueIng well purging. All
readings will be entered on the Ground-Water
Staple Collection Record.
Staples will be collected after the required purge
volume has beea withdrawn end the field parameters
<pH and Specific Conductance) have stabilized.
While puaping is oa-going the containment valves
in the Staple Isolation Chaaber will be closed and
the puap idaediately shut off.
When the sample bottle is prepared, the breather
plug will be reaov«d and the stopcock at the
saaple collection point opened and the smaple
bottle filled.
At each monitoring u«ll when use of a centrifugal
pump is complete, all suction line parts will be
decontaminated in accordance with the SOP for
Decontamination.

7 . 3 . 2 Down-Vail Suction-Line Method
7 . 3 . 2 . 1 Lover a new suction line into the well. The

suction line will have a total length at least
great enough to «xt«nd to the water table and
account for a minimum of five (5) ft«t of
drawdown. Mote should be made that drawdown may
exceed the depth where pooping will terminate as a
result of a limitation derived from suction-line
conditions and the lift potential of the pump.
All connections will be made using Teflon*
ferrules and teflon* thread wrapping tape.

7 . 3 . 2 . 2 Prime the pump by adding tap water to the pump
housing until the housing btgins to overflow.

7 . 3 . 2 . 3 Start the puap and direct the discharge into a
graduated bucket or a bucket of known capacity
( >2 .5 gallons).

7 . 3 . 2 . 4 Measure the pumping rate in gallons per minute by
recording the time required to fill a selected

o<d-
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volume of 4 bucket. Flow measurement should baperformed thraa Uses to obtain an average rata.
Pumping fill ba observed at all tiaes to doternln*if pumping rata* tea continuous, fluctuating or
diminishing. If discharge stop*. th* punp will bathrottled back to datan&ina it puaping will
restart at a lower rate. If puapiag doas not
restart, tha puap should ba shut off to ellow thawall to rechargo.
Tha rat* of recharge win ba measured, by insertingwatec-level measurement equipment down the wall to
datarmiaa approximately at what rate tha wall isracharging, aad tharafora whan pumpiag may barastat-ted. All information pertaining to
discharge conditions aad raehargt rataa will b«
entered oa the Grouad-Water Sample CollectionRecord.
Keaauremants of ?H and specif ic conductance will
be aade periodically during well purging. All
readings will ba entered on the 5round*WaterStaple Collaetion Secord.
the valve at the pump on the line will be closed
whenever pumping terminates or puaping is
stopped. This practice will minimize the retucn
to the well of water which has coat&cted theinside of the pump housing.

7 . 3 . 2 . 8 At each monitoring well when us<i of a centrifugal
pump is complete all suct ion line tubing will bedisposed of.

o
CM
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7 . 3 . 2 . 5

7 . 3 . 2 . 6

iiii

7.4 Submersible Pump

7.4 . 1 Prior to using a submersible pump, a check will be made of
wall diameter and alignment. A 1 . 7 3 inch diameter
decontaminated cylindrical tuba will be lowered to the
bottom of each monitoring well to determine if the
alignment or plumbness of A well Is adequate to Accommodate
the submersible pump, tha well alignment survey may «iso
b« used to determine the total depths of wells. All
observations will be entered in the Ground-Water SampleCollection Becord.

7 . 4 . 2 Slowly lowe.? the submersible pump into tha monitoring well
takiag aotice of any roughness or restrictions within theriser.

vin-
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7.4 .3 Count tb* graduations oa th* pump dlsrharg* lin* and stop
lowering when th* stainless ota*l portion is below tb*
upt*r«ost sectioa of th* static wat*r coiuma within
aonitorlng well. S«eur* tb* discharge lin* and power cord
to tb* «*11 casing.

7 . 4 . 4 Connect the power cord to th* power source ( I . e . ,
rechargeable battery pack or auto battery aoaUor) and turnthe puap oa (forward nod*). Whea running, th* puap canusually b* heard by listening aeer th* well head.

7 .4 .5 Voltag* and aap*rag* mater readings on th* puap discharg*
will b* checked continuously. Th* voltage readiag will
decline slowly during th* court* of a field day
representing th* us* of power- from th* battery. Amperage
readings will vary depending upon th* depth to water
table. Aaperag* readings greater than 10 aapc usually
iadicate a higa solids content la tb* ground water in whichcased puap clogging will most likely occur. If a fteddy
Increase in amp*rag* is observed, th* puap should b* shut
off, allowed to stop, switched to th* reverse nod*, stopped
again and then placed In forward mod*. If high aaperag*
readings persist, th* puap should b* withdrawn and checked
usiag tb* larg* upright cylinder and tap water.
Ground-water conditions such as high solids may require
that aa alteraat* purge/sample method b* used.

I
I
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7 . 4 . 6 Drawdown will b* aonitored continuously by remaining n*ar
th* well at all times an*d listening to th* pump. When
drawdown occurs, a metallic rotary sound will b* heard as
th* puap Intake becomes exposed and ceases to discharge
water, but continues to run. Th* pump will b* lowered
immediately to continue pumping water within the uppermost
section of tb* static water column. NOTE: Th* submersible
puap will not b* allowed to run while not pumping for mar*
thea five seconds.
If drawdown continues to the extent that th* well is pumped
dry, tb* well will b* allowed to recharge. Th* rat* of
recharge will b* approximately determined by re-starting
th* submersible puap after a tea (10) ainut* period with
tb* puap off. Th* pumping rat* shall b* re-measured and/or
tb* total discharge volua* collected to determine th*reenarga voluno.

7 . 4 . 7 Direct th* pump discharge to a graduated bucket or a bucketof known capacity.

VIII-12
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STANDARD OPERATING PROCEDURE
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7. 4. a Measure tho puapUg c*tc lo t»Uoni per alnute by recordingtho tlao required to fill » selected volume of * bucket.
Plow measurement shall bo perforated three times to obtainan %V«C«K« r»t«. tho p«rfom«nco of % *ubo«rflblo punpbo obi«cv«d tt all tlaa» by *t l««tt ono fUld wockoc.

7 .4 .9 of pH *a4 sp«elflc eonduetaaeo will ba
parlodleally during w«U purging. All readings and
r««p«etlvo pupgo voluaot will bo «nt«cad on thoCround-Watar Saaplo Colloetloa aacord.

7.4. 10 S4Bpi«i will bo eollaettd aftasf tho roqulrad purse voluao
has boaa withdrawn and tho f lold paraaotars (pH and
•pacific conduct »QC«) havo stablllzad.

7.4.11 While pufiplng Is on-going and when staple bottle* aroprepare*, bottles will bo filled directly from tho
discharge lino of tho pump talcing care not to touch sample
bottles to tho discharge lino.

7.4.12 At each monitoring well when use of tho submersible pump is
complete, the puap, discharge line and power cord shall be
decontaainefced according to the procedures contained In the
SOP for Decontamination.

o
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8.0 Sample Preparation

Prior to transport or shipment, (round-water samples may require
preparation and/or preservation. Pteld preparation may entail
filtration, or preservation In the fora of chemical additives or
temperature control.
Spoelfle preservation techniques are described in the EPA.
document. Handbook for Sampling and Sample Preservation of Water
and Wastewater (EPA-600/4-82-029). The EPA manual will be
consulted during the planning stage of the project.
Project-specific sampling plans shall bo assembled using tho
approved procedures obtained froa the EPA manual.

I
1
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9 . 0 Document at Ion
A number of different documents will be completed and oaintained as a
part of ground-water sampling. the documents will provide A summary of
the staple-collection procedures and conditlong, •hlpm*afe method, th«

r«qu«*t«d tad tb« emtody history. Th« list of documvnts is:
Grouad-w«t«r t«apl« collection record

e...

Ô
O

Chain- of- custody
Shipping receipts

Staple labels shall be completed fit the time aach sample is collected
and will include the informeticm listed below. A sample label is shownin Figure 3.

Client or project
Sanplft nuaber
Designation < l . e . » identification of sample point no . )
AnnlysU
Pceeervative ( e . s - . filtration, acidified pH<2 HN03)Saatple-collectlon data
Sampler** n«me)

If I gure 4 display* th« chain of custody record used • The chain
of custody font is the record sample collection and transfer of
custody. Information, such as the staple collection date, sample
identification and origination, client or project name shall be entered
on each caaio of custody record. la accordance with AO CFB 261.d v 'd)the following information must accompany all ground water staples which
are kaowa to be non-hazardous and to which U .S . Department of
transportation and U.S. Post Office regulations do not apply.. Suchinformation is;

e sample collector's name, nailing address and telephonenumber,
e analytical laboratory's name, mailing tddrass and telephonenumber,e quaatity of each sample,e date of shipment, and

VIII-I4
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the chela of custody forms provide 4 location for entry of the
above-listed information.

10.0 Befereace*
IP A, Handbook for Scapllng and Staple Preservfttion of y»t*r tad

VftSteveter EPA-600/4-82-029, Septcaber 19S2.
Geotrftns. Xae. ECft4 P«mit Writer** Haouel, Grouttd-Utter Protection

prepared for U .S . EPA. Contctct Mo. 68-01-6464, October 1983.
Code of federal Regulations, Chapter 40 (Section 261 .4(4) .

in̂r
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3 4 6 6 7
Gallons ol Water in Well

U| Graphical £jtplanation

9 10

VoJumc/tJnaar Ft. of Pip*
IDimJ
1/4
3/8
1/2
3/4
t
2
3
4
6

Gel
0.003
0.006
0.01O
0.023
0041
0.163
0.367
0.6S3
1.47

Lite*
0.010
0.022
O.038
0.087
0.154
0616
1.39
2.47
5.56

(b) Volum* Factors

tx Volume CoututtatitiCk O H /I A
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APPENDIX IX

SOP 7220 MONITORING-WELL
CONSTRUCTION AND INSTALLATION
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Title:
STANDARD OPERATING PROCEDURE

Construction and Installation

Page pf 4
Date; lit Qtr 1
Number: 7220
Revision: 1

1.0 Purpose aad Applicability
This SOP establishes the method for Installing observation standplpes, or
monitoring wells. These wells will be Installed to: determine the depth toground water, monitor ground-water fluctuations aad obtain samples of groundwater for laboratory testing.

2.0 Hespenslbllltlas
It Is thai responsibility of tha project geologlst/eogiaeer to directly suparvisatha> construction aod installation of each monitoring well by the contract
driller to eaaura that the wall-installation specifications era adhered to-^andto record all pertlnaat data oa tha approved forma.

3.0 Supporting Materials
in
oCM

tha monitoring wall shall consist of a cossaerclelly available wall scraaaOeoaatructed of brass, stalalass steal or slotted PVC plastic pipe of mlnl^yn
2-lnch nominal ID (InsIda dlaaatar). the length of tha screened area and tha
gego of tha acreaa or slots shall be determined by tha Inspecting geologist
depending upon the gralo-slza distribution of tha soils. Blank plastic* black,galvanized or stalnlais staal pipe of minimum 2-lnch ID shall be used to
complete tha standplpa approximately 2 feet above the existing grade. The ristt
pipe shall be eoanectad by flush, thraaded joints . Ho solvaat or entl-slazacompound shall be usad oa the joints.
tha section of rlsar pipe that sticks up abova ground shall be protected by 3 oc
4-Inch dlamatar staal guard pipe, up to S feet long sat 2 feat Into tha concrete
surface saal. The top of tha guard plpa nhall have a vantad lockabla cap.
Other materials used for well construction Include silica sand, bentonlta,
cement* and a calibrated tape for length measurr/mants and water-levelmeasurements. Construction materials are generally provided by the drillingsubcontractor.

4,0 Procedure; for Construction
4.1 After drilling and soil laapllng has bean completed, the casing shall be

flushed free of cuttings to develop a clean, uniform hole. Flushing shallbe continued until tha return water Is elaar.
4.2 Grouting of the borahola to tha wall-screen tip elavatloa shall be require

If the tip Is to be abova the bottom of the borehole. A heavy plumb bob ca calibrated tape shall be usad to determine tha depth of the boring andthe depth to the top of tha grout plug.

IX-
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TiUc:

STANDARD OPERATING PROCEDURE
MonltorlflS-V*ll Construction tad Installation

Page
Date:
Number;
Revision:
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4.3 The well screen and riser pip* thall then be assembled, Th* assembledscreea and riser or its constituent parts shall be decontaminated as
described in SOP ?600, Decontamination.

4.4

4 .3

inthat It it cantered in the dolt.

4 . 6

Th« aaaula? space surrounding tb« screened section of the aoaitoring wellcad at least two feet above the top of th* screen shall bt filled with
uniform, fine sand.

T"

in
It 0*7 be necessary to seal off the well screen by placing « grout i*£L an.
top of th* «*nd at A sp«eifl«d doptb. Th« project g«ol0iist/*agla««ttvjor
•ball giv» d«t*ll«d ia»t?uetiott» If ••Alias of °^ th* wtl1 «cr««a i*or«qule«d. Thl« sroutiag m»y com lit of 4 b«ntonit» •••! of Approximagjl/ 2
f««t la thickn«*i to prtvtnt v«rtlc*l flow within the boring from 4ffthe «cr««n*d tr«r,.

^.7 Th« r«aukiaias X«ngtb of bor«hol« ih*ll b* backfilled with stad or grovit towithin 2 feet of the ground surface* This grouting **? conaitt of tb«ntoalf«/ceffl*Dt mixture made to required specification.
4<3 Th« 3- or 4-inch diameter it*ol guard-pipe shall be placed around the

riier. aad the borehole around the guard pipe shall be dug out to
approximately a 1-foot radiue to a depth of 2 feet, and filled withconcrete. All coapleted wells will have identlf ieatioo number* clatrly
painted oa the cap aad guard pipe with bright colored paint.

5.0 Docuaeatatioa Procedures
S.I Ouriog iaitallatioa of each monitoring uell a set'iei of oeasuremants shall

be t&kett and docuoMated, The«« measureoents shall include:
length of icffeea
length of riser pipe
total length of well
depth to stabilized water level

IX-2
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Title;
STANDARD OPERATING PROCEDURE

MonitorIng-Well Construction and Installation

Page
Date:
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Revision:

of3

Other data include type and length of casing, diameters of th* respective
components, thicknesses and different types of grouting materials, and
el«vatlon of the top of the guard pipe and ground surface after survey insU complete.

5.2 All data shall be recorded on sit* outo the ground-water monitoring wellInstallation report and all wells shall be referenced onto the appropriate
site map. A field book and/or boring log can be used as other means ofrecording data. All documentation shall reitala In the project filesIndefinitely.
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OPERATING PROCEDURES FOR SAMPLING OF
ORGANIC VAPORS AND AIRBORNE PARTICULATES

Field Procedures

A known volume of ambient air will be drawn through a sampling
train consisting of a 10 cm diameter glass fiber filter followed by a
glass canister containing XAD-2 porous polymer adsorbent. Both
par ticu late organic matter and organic vapors present will be
determined by this procedure. Filters and adsorbent fractions will be
analyzed separately for specific organic compounds as discussed under
the Laboratory Analysis Section, After leaving the adsorbent canister,
sample gas will be drawn through a silica gel drying tube, a leak free
pump, and a calibrated dry gas meter. A flow rate o£ 0.7 cubic feet
per minute (CFH) will be maintained which will result in a total
sample volume of 84 cubic feet (2400 litres) for a two hour test.
Assuming that the compounds in question were present at concentrations
as low as the published Ambient Air Multimedia Environmental Goals ,
suff ic ient sample would be collected to meet the detection limits of
the analytical procedures employed for auantif Lcation.

Approximately 40 grams of purified XD-2 adsorbent will be loaded
into each 1 .5" I .D. by 5" long glass canister and secured with a glass
wool plug. Canister face velocity will approach 0.9 feet per second.
All sorbent canisters will be preloaded and sealed in the Monroeville,
Pennsylvania, laboratory and immediately re-sealed after field use for
transport back to Monroeville. In addition, all canisters and filters
will be refrigerated or kept on ice while in storage and in transit.

in
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II To assure complete adsorption of organics during sampling, the
canister will be packed in ice. Also to help prevent possible
photochemical degradation of organics adsorbed on particulate matter,
and filter will be shielded from sunlight with aluminum foil.

X-l
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One unused filter and adsorbent canister will be chosen at random
in the field and retained as a blank for every ten air samples. These
will be subjected to the same extraction and analytical procedures as
the field samples.

To validate the collection efficiency of the XAD-2 adsorbent for
the compounds in question, a second glass canister will be run in
series for one of the three test runs at the downwind position. This
canister will be extracted and submitted for analysis as a separate
sample.

Laboratory Procedures

The procedures to be incorporated which will recover the collected
materials will include separate soxhlet extractions of the glass fiber
filter and the XAD-2 resin. Extracts will be concentrated and
submitted for analysis by EPA Methods 604^ and 61o' . These
methods have been chosen because of the inherent accuracy of the
procedures. This accuracy (detection limit) for the most part is
better than GC/MS methods ^ for the same compounds. Table 2 is
presented to illustrate the difference in detection limits between the
GC and liquid chroma to graph y and the GC/MS procedure. The detection
limits present on Table 2 are the published limits of the referenced
methods. As such, the limits are in units of micrograms per liter of
water sample extracted. These detection limits are offered as a
comparison only as conversion of such units to an air concentration
would be difficult at this time.
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TABLE 1
(DNTAMINANTS IDENTIFIED IN SOIL SAMPLES

FROM KOPPERS SOUTH CAVALCADE SITE

Acenaphthene
Acenaphthylene
Anthracene
Benzo(a)pyrene
B enz o f luor an th en es
Chrysene
Fluoranthene
Naphthalene
Phenanthrene
Pyrene
2-Methylnaphthalene

278
270
348
311
481
488
250
217
340

404
241

o
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TABUE 2

DETECTION LIMITS OF
HYDROCARBON ANALYTICAL PROCEDURES

Compounds

2-Chlorophenol
2-Mitrophenol
Phenol
2,4-Dimethylphenol
2,4 Oichlorophenol
2 ,4 ,6 Trichlorophenol
4 Chloro-3-raethylphenol
2,4 Dinitrophenol
2-Methyl-4,6, dinitrophenol
Pen tachlorophenol
4-Nitrophenol
Napthalene
Ac ena ph thy1ene
Acenaphthene
Fluor ene
Phenanthrene
Anthracene
Fluoranthene
Pyrene
Benzo(a)anthracene
Chrysene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Benzo(a)pyrene
Dibenzo(a,h)anthracene
BenzoCg,h,i)perylene
Ideno(l,2,3-c,d)pyrene

Detection Limits of Methods (ug/1)
Method 604

0.31
0,45
0, 14
0 . 32
0 .39
0 .64
0 . 3 6

13 .0
16 .0
0 .59 2

2 .8

Method 610

1 .8
2 .3
1 .8
0.2 1
0 .64
0 .66
0 . 2 1
0 . 2 7
0 .0 13
0 . 15
0.018
0 .0 17
0.023
0 .030
0 .076
0.043

Method 625

3 . 3
3 .6
1 . 5
2 .7
2 .7
2 .7
3.0

42 .0
24.0

3 .6
2 .4
1 .6
3 . 5
1 .9
1 .9
5 .4
1 . 9
2 . 2
1 . 9
7 .8
2 . 5
4.8
2 . 5
2 .5
2 .5
4.1
3 .7

COin
o
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ug/1 of extracted solution
Derivatization procedure
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SOP 7 5 1 0 PACKAGING AND SHIPMENT OF SAMPLES
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Title:
Picketing tad STANDARD OPERATING PROCEDUREn of Samles

1 6Page of
lit Qtr. 193-

Date: SOP 7310
Number:
Revision:

1.0 Applicability
rH

This Standard Operating Procedure (SOP) Is concerned with th«
presentation of protocol* associated with the packaging end shipment of
sa&ples. Two general categories of samples exist: environmentalsample* consisting of air, water and soil; end wast* samples whichinclude non-hazardous solid wastes and hazardous wastes as defined by
40 CF» Part 261.

2.0 Responsibilities
It Is the responsibility of the project manager to assure that the
proper packaging and shipping techniques are entered into each project
specific saapllng plan. The site operations manager shall be
responsible for the enactment and completion of the packaging and
shipping requirements outlined in project specific sampling plans. The
site operations manager shall be responsible to research, identify and
follow all applicable U .S . Department of Transportation (DOT)
regulations*

3.0 General Method
The objective of sample packaging and shipping protocol is to identify
standard procedures which will minimize the potential for sample
spillage or leakage and maintain field sampling program compliance with
U.S . SPA and U .S . DOT regulations.
The extent and nature of sample containeritation will be governed by
the type of sample, and the most reasonable project ion of the sample's
hazardous nature and constituents. The EPA regul»tions (40 CFR Section
261 .4 < d ) ) specify that samples of solid waste, water, soil or air,
collected for the sole purpose of testing. %re •x«mpt from regulation
under the Resource Conservation and Recovery Act (RCRA) when all of the
following conditions are applicable:

o
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A. Samples are being transported to a laboratory for analysis;
B. Samples are being transported to the collector from the laboratory

&fter analysis;
C. Samples are being stored (1) by the collector prior to shipment

for analyses, (2) by the analytical laboratory prior to analyses.
(3) by the analytical laboratory after teiting but prior to return
of saaple to the collector or pending tho conclusion of a court
case.

Qualification for categories A and 8 above require that sample
collectors comply with U .S . DOT and U.S . Postal Service (USPS)
regulations or comply with the following items if U . S . DOT and USPS
regulations are found not to apply:

I
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'Title: packaging
STANDARD OPERATING PROCEDURE

Shipment of Saopl"

Page 2 of 6
Date: lit Qtr. 198*
Number: SOP 7310
Revision:

The following information must Accompany ill samples and will be
entered on a sample specific basis oa chela of custody records:
• uanple collector's name, mailing address and telephone number.
• analytical laboratory's name* Bailing address and telephone number,
« quantity of sample,
• date of shipment
• description of sample
la addition, all samples must be packaged so that they do not leak,,
spill or vaporize.

4.0 Method
4.1 Place plastic bubble wrap matting over the base and bottom corners

of each cooler or shipping container as needed to manifest each
sample.

4.2 Obtain a chain of custody record as shown in Figure 1 aad enter
all the appropriate information as discussed in Section 3.0 of
this SOP. Chain of custody records will include completeinformation for each sample. One or more chain of custody records
shall be completed for each cooler or shipping container as needed
to manifest each sample.

4.3 Wrap each sample bottle individually and place standing upright oa
the base of the appropriate cooler, taking care to leave room for
some packing material and ice or Equivalent. Bubber bands should
be used to secure wrapping, completely around each sample bottle.

4.4 Place additional bubble wrap and/or styrofoam pellat packing
material throughout the voids between sample containers within
each cooler.

4.5 Place ice or cold packs in heavy duty zip-loc type plastic bags *
close the bags, and distribute such packages over the top of the
samples.

4.6 Add additional bubble wrap/styrofoam pellets to fill the balance
of the cooler or container.

4.7 Obtain two pieces of chala of custody tape as shown In figure 'I
and enter the custody tape numbers in the appropriate place OQ the
chain of custody form. Sign and date the chain of custody tape.

CM
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Title:
STANDARD OPERATING PROCEDUREand Shipment of S*apl««

Page of
1st Qtr . 1934

Date; SOP 7510
Number:
Revision:
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4.8 To coapltjfc* the cnaa of custody fora enter the type of analysisrequired for each cample,.by coattlnee, under-the "ANALYSES"
section* Under the specific analysis eater the quantity/volume of
sample collected for each correspondlag analysis.
Iff shipping the samples where travel by air or other publictransportation la to be undertaken lisa tbe chain of custody
record thereby relinquishing custody of the staples. Roliquishlng
custody should only be performed when directly transmittingcustody to e receiving party or when transmitting to a shipper forsubsequent receipt by the analytical laboratory. Shippers should
not be asked to sign chain of custody records.

4.9 Renwve the back carboo copy froa the chain of custody record and
retafn vita other field notes. Place the remaining copies in a
zip-lock type plastic bag and place the bag on the top of the
contents within th« cooler or shipping container.

4.10 Close the top or lid of tbe cooler or shipping container and with
aaocasr person rotate/shake the container to verify that the
contents are packed so that they do not move. Improve the
packaging If needed tnd redone.
When travelling with samples by automobile, and where periodic
changes of ice are enquired, the cooler should only be temporarily
closed so that reopening is simple. In these cases, chain of
custody will be maintained by tha parson transporting the sample
and chain of custody tape will not be used.

4. 1 1 Place the chain of custody tape at two different locations.oa the
cooler or container lid and ov«clap with transparent packaging
tape.

4.12 Packaging tape should be placed entirely around the sample
shipment containers. A minimum of one to two full rotations of
packaging tape will b« placed at at laast two places oa the
cooler. Shake the cooler agaia to verify that the sample
containers are well packed.

4. 13 If shipment is required, transport the cooler to an overnight
express package terminal, obtain copi«s of all shipment records
as provided by the shipper.

4.14 If the samples are to travel as luggage, ch«ck with regular
baggage.
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4.15 Upoa receipt of th* samples, th* analytical laboratory will op*a
th* cooler or shipping container and sign as "?ec*lv*d forlaboratory" *ach chain of euitody fota. Th« laboratory will
vceify that the chain of custody tap* ha* not b**a brok*apr*viou*ly tad that th* ehaia of custody tap* numb*r correspondswith th* nuobcr OB th* chain of custody record, th* analytical
laboratory will than forward th* back copy of th* chain of custody
record to th* saapl* collector to indicate that saaple transalttal
is eoopl*t*.

5.0 Oocua*ntatioQ
As discussed In Section 4.0 the documentation for supporting the sample
packaging and shipping will consist of chain of custody records and
shipper's records. In addition a description of Jample packaging
procedures will be written in the field log book. All documentation
will be retained In the project filas following project completion.

\O
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APPENDIX XII

METHOD 1 2 0 . 1 SPECIFIC CONDUCTANCE

METHOD 1 5 0 . 1 pH

METHOD 1 7 0 . 1 TEMPFHATUR*

METHOD 3 6 0 - 1 DISSOLVED OXYGEN
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Ill1 CONDUCTANCE
Method 120.1 (Specific Conductance, umhot at 25*Q

STORET NO. 00095

flnn
1. Scope and Application

1.1 This method is applicable to drinking, surface, and saline wates, domestic and indus-
trial waste* and acid rain (atmospheric deposition).

2. Summary of Method
2.1 Thespecific conductance of a sample is measured by useofaself-coniainedconducuvity

meter, Wheatstone bridge-type, or equivalent.
2.2 Samples are preferable analyzed at 25°C, If not. lempratu s corrections aremade and O

results reported at 25°C. . \o
S. Comments O

3.1 Instrument must be standardized with KC1 solution before daily use. OJ
3.2 Conductivity cell must be kept clean. O
3.3 Field measurements with comparable instruments are reliable. O
3.4 Temperature variations and corrections represent th * largest source of potential error.

4. Sample Handling and Preservation
4.1 Analyses can be performed either in the field or laboratory.
4.2 If analysis is not completed within 24 hours of sample collection, sample should be

filtered through a 0.45 micron filter and stored at 4°C. filter and apparatus must be
washed with high quality distilled water and pre-rinsed with sample before use.

5. Apparatus
5.1 Conductivity bridge, range 1 to 1000 fanho per centimeter.
5.2 Conductivity cell, cell constant l .Oor micro dipping type cell with 1.0 constant. YSI

"5403 or equivalent.
5.4 Thermometer

6. Reagents
6.1 Standard potassium chloride solutions. 0.01 M: Dissolve 0.7456gmofpre-dried(2hour

at I03°C) KCI in distilled water and dilute to 1 liter at 25°C.
7. Cell Calibration

7.1 The analyst should use the standard potassium chloride solution (6.1) and the table
below to check the accuracy of the cell constant and conductivity bridge.

Approved for NPDES
Issued 1971.
Editorial revision, 1982

I20.M

XII-J

002066



IIIIIII1III
II

8.

9.

10.

Conductivity 0.01 m KC1
°C

21
22
23
24
25
26
27
28

Micromhos/cm

1305
1332
1359
1386
1413
1441
1468
1496

Procedure
8.1 Follow the direction of the manufacturer for the operation of the instrument.
8.2 Allow samples to come to room temperature (23 to 27°C), if possible.
8.3 Determine the temperature of samples within 0.5°C. U the temperature of the samples

is not 25*C, make temperature correction in accordance with the instruction in Section
9 to convert reading to 25°.

Calculation
9.1 These temperature corrections are based on the standard KCl solution.

9.1 .1 If the temperature of the sample is below 25°C add 2% of the reading per degree.
9.1 .2 If the temperature is above 25dC. subtract 2% of the reading per degree.

9.2 Report results as Specific Conductance, //mhos/cm at 25°.
Precision and Accuracy
10.1 Forty-one analysts in 17 laboratories analyzed six synthetic water samples containing

increments of inorganic salts, with the following results:

r-
vD
O
CM
O
O

Increment as
Specific Conductance

100
106
808
848

1640
1710

Precision as
Standard Deviation

7.55
8.14

66.1
79.6
106
1 19

Accuracy a*
Bias,

-202
-0.76
-363
^154
-536
-S.08

Bias,
mnhoa/cm

-2.0
-0.8

-29.3
-38.5
-87.9
-86.9

(FWPCA Method Study 1, Mineral and Physical Analyses,)

i

iIii

10.2 In a single laboratory (EMSL) using surface water sample* with an average
conductivity of 536 ̂ mhos/cm at 25°C. the standard deviation was ±6.

120.1-2
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II pH
Method 150.1 (Electrometric)
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STORE! NO.
Determined on site 00400

Laboratory 00403
t. Scope and Application

1.1 This method is applicable to drinking, surface, and saline waters, domestic and industrial
wastes and acid rain (atmospheric deposition).

2. Summary of Method
2.1 The pH of a sample is determined electrometrically using either a glass electrode in

combination with a reference potential or a combination electrode.
3. Sample Handling and Preservation

3.1 Samples should be analyzed as soon as possible preferably in the field at the time of
sampling.

3.2 High-purity waters and waters not at equilibrium with the atmosphere are subject to
changes when exposed to the atmosphere, therefore the sample containers should be
Tilled completely and kept sealed prior to analysis.

4. Interferences
4.1 The glass electrode, in general, is nor subject to solution interferences from color,

turbidity, colloidal matter, oxidants. reductants or high salinity.
4.2 Sodium error at pH levels greater than 10 can be reduced or eliminated by using a "tow

sodium error" electrode.
4.3 Coatings of oily material or paniculate matter can impair electrode response. These

coatings can usually be removed by gentle wiping or detergent washing, followed by
distilled water rinsing. An additional treatment with hydrochloric acid (1 + 9) may be
necessary to remove any remaining film.

4.4 Temperature effects on the electrometric measurement of pH arise from two sources.
The first is caused by the change in electrode output at various temperatures. This
interference can be controlled with instruments having temperature compensation or by
calibrating the electrode-instrument system at the temperature of the samples. The
second source is the change of pH inherent in the sample at various temperatures. This
error is sample dependent and cannot be controlled, it should therefore be noted by
reporting both the pH and temperature at the time of analysis.

5. Apparatus
5.1 pH Meter*laboratory or field model. A wide variety of instruments are commercially

available with various specifications and optional equipment.

Approved for NPDES
Issued 1971
Editorial revision 1978 and 1982
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5.2 Glass electrode.
5.3 Reference electrode-a calomel, silver-silver chloride or other reference electrode of

constant potential may be used.
NOTE 1: Combination electrodes incorporating both measuring and reference
functions are convenient to use and are available with solid, gel type filling materials that
require minimal maintenance

5.4 Magnetic stirrer and Teflon-coated stirring bar.
5.5 Thermometer or temperature sensor for automatic compensation.
Reagents
6.1 Primary standard buffer salts are available from the National Bureau of Standards and

should be used in situations where extreme accuracy is necessary.
6.1 . 1 Preparation of reference solutions from these salts require some special precautions

and handling'" such as tow conductivity dilution water, drying ovens, and carbon
dioxide free purge gas. These solutions should be replaced at (east once each
month.

6.2 Secondary standard buffers may be prepared from NBS salts or purchased as a solution
from commercial vendors. Use of these commercially available solutions, that have been
validated by comparison to NBS standards, are recommended for routine use.

Calibration
7.1 Because of the wide variety of pH meters and accessories, detailed operating procedures

cannot be incorporated into this method. Each analyst must be acquainted with the
operation of each system and familiar with all instrument functions. Special attention to
care of the electrodes is recommended.

7.2 Each instrument/electrode system must be calibrated at a minimum of two points that
bracket the expected pH of the samples and are approximately three pH units or more
apart.
7.2.1 Various instrument designs may involve use of a "balance** or "standardize'* dial

and/or a slope adjustment as outlined in the manufacturer's instructions. Repeat
adjustments on successive portions of the two buffer solutions as outlined in
procedure 8.2 until readings are within 0.05 pH units of the buffer solution value.

Procedure
8.1 Standardize the meter and electrode system as outlined in Section 7.
8.2 Place the sample or buffer solution in a clean glass beaker using a sufficient volume to

cover the sensing elements of the electrodes and to give adequate clearance for the
magnetic stirring bar.
8.2.1 If Held measurements are being made the electrodes may be immersed directly in

the sample stream to an adequate depth and moved in a manner to insure sufficient
sample movement across the electrode sensing element as indicated by dnft free
(<0.1pH) readings.

8.3 If the sample temperature differs by more than 2'C from the buffer solution the measured
pH values must be corrected. Instruments are equipped with automatic or manual

o
CM
O
O

"'National Bureau of Standards Special Publication 260.
150.1-2
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9.

10.

compensators that electronically adjust for temperature differences. Refer to
manufacturer's instructions.

8.4 After rinsing and gently wiping the electrodes, if necessary, immerse them into the
sample beaker or sample stream and stir at a constant rate to provide homogeneity and
suspension of solids. Rate of stirring should minimize the air transfer rate at the air water
interface of the sample. Note and record sample pH and temperature. Repeat
measurement on successive volumes of sample until values differ by less than 0.1 pH
units. Two or three volume changes are usually sufficient.

8.5 For acid rain samples it is most important that the magnetic stirrer is not ust-d.
Instead, swirl the sample gently for a few seconds after the introduction of the
electrodes). Allow the electrodes) to equilibrate. The air-water interface should
not be disturbed while measurement is being made. If the sample is not in
equil ibrium with the atmosphere. pH values will change as ihr
dissolved gases are either absorbed or dcsorbed. Record sample pH ;tml
temperature.

Calculation
9.1 pH meters read directly in pH units. Report pH to the nearest 0.1 unit and temperature

to the nearest *C
Precision and Accuracy
10.1 Forty-four analysts in twenty laboratories analyzed six synthetic water samples

containing exact increments of hydrogen-hydroxyl ions, with the following results:

O
r-
o
oo

pH Units

3.5
3.5
7.1
7.2
8.0
8.0

Standard Deviation
pH Units

0.10
0. 1 1
0.20
0.18
0. 13
0.12

Bias.
%

Accuracy u

-0.29
-0.00
+ 1 .01
-0.03
-0 . 12

- t -0 . 16

Bias,
pH Units

-0.01
+0.07
-0.002
-0.01
+ 0.01

(FWPCA Method Study 1, Mineral and Physical Analyses)

lll I.
2.
3.

10.2 In a single laboratory (EMSL), using surface water samples at an average pH of 7.7. the
standard deviation was tO.l.

Bibliography
Standard Methods for the Examination of Water and Wastewater, 14th Edition, p 460, (1975).
Annual Book of ASTM Standards, Part 31, "Water", Standard D1293-65, p 178 (1976).
Peden. M. E. and Skowron. L. M.. Ionic Stabil ity of Precipitation Samples.
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TEMPERATURE
Method 170.1 (Thermometric)

CT/IDCT \ii"i AAninoll/fCJtl Î iU. UUU1U
1 . Scope and Application

1 . 1 This method is applicable to drinking, surface, and saline waters, domestic and industrialwastes.
2. Summary of Method

2.1 Temperature measurements may be made with any good grade of mercury-filled or dialtype centigrade thermometer, or a thermistor.3. Comments
3.1 Measurement device should be routinely checked against a precision thermometercertified by the National Bureau of Standards.4. Precision and Accuracy
4. 1 Precision and accuracy for this method have not been determined.5. Reference
5. 1 The procedure to be used for this determination is found in:

Standard Methods for the Examination of Water and Wastewater, I4th Edition, p 125,Method 212 (1975).

rô
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OXYGEN, DISSOLVED
Method 360.1 (Membrane Electrode)

STORET NO. 00299
1. Scope and Application

1.1 The probe method for dissolved oxygen is recommended for those samples containing
materials which interfere with the modified Winklcr procedure such as sulflte.
thiosulfate, polythionate, mercaptans, free chlorine or hypochlorite, organic substances
readily hydrolyzed in alkaline solutions, free iodine, intense color or turbidity and
biological floes.

1.2 The probe method is recommended as a substitute for the modified Winkler procedure in
monitoring of streams, lakes, outfalls, etc., where it is desired to obtain a continuous c\j
record of the dissolved oxygen content of the water under observation. r -

1.3 The probe method may be used as a substitute for the modified Winkler procedure in oBOD determinations where it is desired to perform nondestructive DO measurements on (A,i
a sample. Q

1.4 The probe method may be used under any circumstances as a substitute for the modified o
Winkler procedure provided that the probe itself is standardized against the Winkler
method on samples free of interfering materials.

t.5 The electronic readout meter for the output from dissolved oxygen probes is normally
calibrated in convenient scale (0 to 10. 0 to 15, 0 to 20 mg/1 for example) with a
sensitivity of approximately 0.05 mg/liter.

2. Summary of Method
2.1 The most common instrumental probes for determination of dissolved oxygen in water

are dependent upon electrochemical reactions. Under steady-state conditions, the
current or potential can be correlated with DO concentrations. Interfacial dynamics at
the probe-sample interface are a factor in probe response and a significant degree of
interfacial turbulence is necessary. For precision performance, turbulence should be
constant.

3. Sample Handling and Preservation
3.1 See 4. \ t 4 .2 .4 .3 .4 .4 under Modified Winkler Method (360.2).

4. Interferences
4.1 Dissolved organic materials are not known to interfere in the output from dissolved

oxygen probes.
4.2 Dissolved inorganic salts are a factor in the performance of dissolved oxygen probe.

4.2.1 Probes with membranes respond to partial pressure of oxygen which in turn is a
function of dissolved inorganic salts. Conversion factors for seawater and brackish
waters may be calculated from dissolved oxygen saturation versus salinity data.
Conversion factors for specific inorganic salts may be developed experimentally.

Approved for NPDES
Issued 1971

360.1-1

XtI-7

002072



Il
ll
l
iiiiiiii

Broad variations in the kinds and concentrations of salts in samples can make the
use of a membrane probe difficult.

4.3 Reactive compounds can interfere with the output or the performance of dissolved
oxygen probes.
4.3.1 Reactive gases which pass through the membrane probes may interfere. For

example, chlorine will depolarize the cathode and cause a high probe-output.
Long-term exposures to chlorine will coat the anode with the chloride of the anode
metal and eventually desensitize the probe. Alkaline samples in which free chlorine
does not exist will not interfere. Hydrogen sulftde will interfere with membrane
probes if the applied potential is greater than the half-wave potential of the sulfide
ion. if the applied potential is less than the half-wave potential, an interfering
reaction will not occur, but coating of the anode with the sulfide of the anode metal
can take place.

4.4 Dissolved oxygen probes are temperature sensitive, and temperature compensation is
normally provided by the manufacturer. Membrane probes have a- temperature
coefficient of 4 to 6 percent/*C dependent upon the membrane employed.

5. Apparatus
5.1 No specific probe or accessory is especially recommended as superior. However, probes

which have been evaluated or are in use and found to be reliable are the Weston & Stack
DO Analyzer Model 30. the Yellow Springs Instrument (YSI) Model 54, and the
Beckman Fieldlab Oxygen Analyzer.

6. Calibration
Follow manufacturer instructions.

7. Procedure
Follow manufacturer instructions.

8. Calculation
Follow manufacturer instructions.

9. Precision and Accuracy
Manufacturer's specification claim 0.1 mg/1 repeatability with 11 % accuracy.

Bibliography
1. Standard Methods for the Examination of Water and Wastewater. 14th Edition, p 450,

Method 422F( 1975).
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